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Computer  Programs  for  Tethered-Balloon  System 
Design  and  Performance  Evaluation 


1.  INTRODUCTION 

In  lc'74  several  agencies  expressed  interest  in  being  able  to  loft  several  kinds 
of  payloads  on  a balloon  to  very  high  altitudes  and  keep  them  overhead  for  periods 
of  time  ranging  from  several  days  to  several  weeks.  The  French  government  had 
partial  success  with  a tethered  balloon  concept  whereby  the  tether  cable  on  its  reel 
was  carried  up  with  a free  balloon.  It  was  programmed  to  drop  its  reel  during 
ascent  for  ocean  recovery  and  to  continue  its  ascent  to  18  km  as  a tethered  system. 
This  concept,  demonstrated  in  equatorial  latitudes,  minimizes  the  drag  loads  since 
relative  winds  on  ascending  balloon  and  cable  are  very  small. 

The  Aerospace  Instrumentation  Division  of  AFGL  decided  that  a method  involv- 
ing a fixed  ground  station  such  as  would  be  required  at  a missile  test  site  must  be 
evaluated.  An  altitude  of  20  km  was  selected  because  of  its  desirability  for  several 
kinds  of  projects.  A series  of  tests  to  select  an  optimum  Kevlar  cable  was  begun 
and  will  be  reported  in  a separate  document.  A balloon  design  has  been  selected 
and  will  undergo  a preliminary  test  as  a free-balloon  early  in  1977.  The  results 
of  this  test  as  well  as  the  actual  tether  feasibility  test  to  be  made  in  August  1977 
will  also  be  separately  reported. 


(Received  for  publication  25  August  197  6) 
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This  report  covers  an  outgrowth  of  the  study  of  the  high -altitude  system  de- 
sign. One  of  the  needed  parameters  is  the  tether -cable  length  in  order  to  have  a 
proper  amount  available  and  a balloon  sized  to  lift  both  the  payload  and  the  cable 
under  many  different  atmospheric  conditions.  Many  other  quantities  are  also 
needed  for  a realistic  and  scientific  approach  in  the  design  of  a high  altitude  tethered 
balloon  system.  It  was  found  that  several  existing  computer  programs  were  based 
on  limited  assumptions  of,  for  example,  constant  cable  drag  coefficients  or  winds. 

In  deriving  a more  realistic  cable  program,  it  became  apparent  that  two  of 
the  principal  inputs  defining  the  upper -end  condition  of  the  cable  were  the  total 
balloon  upward  force,  and  its  angle  to  the  horizon.  The  balloon  provides  buoyant 
tmd  aerodynamic  lift  in  the  vertical  direction  and  drag  in  the  horizontal  direction. 
The  two  aerodynamic  forces  change  with  a balloon's  angle  of  attack  and  this  angle 
in  turn  is  governed  by  not  only  aerodynamic  characteristics  but  other  design  param- 
eters as  well. 

Hence  other  programs  were  developed  to  provide  the  balloon  characteristics 
for  any  range  of  altitudes  or  balloon  types.  This  report  describes  those  programs 
developed  to  date  in  sufficient  detail  to  allow  their  use  directly  or,  by  adaptation, 
with  any  computer  system.  In  Section  5,  some  results  of  the  study  of  the  high- 
altitude,  tethered -balloon  using  one  of  the  computer  programs  are  examined. 


2.  TETHERED-BALLOON  COMPUTER  PROGRAMS 

As  is  found  in  many  special  technological  fields,  there  are  many  day-to-day 
tethered -balloon  problems  requiring  repetitive  calculations.  Some  of  these  are 
quite  simple  in  nature,  some  are  practically  solvable  only  by  means  of  a computer, 
and  many  lie  somewhere  between  the  above  extremes.  'Sach  problem  may  be  set 
up  differently  each  time  it  is  encountered  depending  on  the  time  allowed  to  answer 
some  question,  the  particular  predilections  of  the  person  undertaking  the  task,  and 
the  mathematical  aids  used. 

This  report  attempts  to  provide  some  uniformity  in  techniques,  assumptions, 
and  precision  by  offering  a series  of  tethered-balloon  programs  designed  for  an 
office  type  of  computer.  Most  organizations  engaged  in  such  work  have  a large 
digital  computer  department.  However,  certain  formalities  in  procedures,  lack  of 
personal  control  by  the  user,  and  some  degree  of  awe  by  many  engineers  do  not  yet 
allow  the  master  computer  to  be  a universally  acceptable  tool  capable  of  fast 
response. 

A desk  computer  of  the  capacity  considered  herein  is  a remarkably  capable 
machine  for  solution  of  the  most  lengthy  and  reiterative  problems  encountered  in 
designing  or  analyzing  existing  tethered-balloon  systems.  Its  closeness  to  the 
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engineer  allows  its  use  for  an  immediate  answer.  Due  to  familiarity  generated  by 
complete  user  control,  it  becomes  amenable  to  experimentation  with  many  varia- 
tions in  program  input  or  even  content  when  properly  documented.  In  addition,  the 
nature  of  balloons  requires  that  some  field  operations  be  conducted  in  remote  areas 
of  the  world  where  only  a desk  computer  can  be  made  available  as  a part  of  the 
ground  base  equipment. 

The  programs  presented  herein  were  developed  for  use  in  a Hewlett-Packard 
Model  9810A  desk  calculator/ computer.  The  particular  instrument  used  has  2036 
program  steps  (Option  003),  111  storage  registers  (Option  001)  and  a tape  printer 
(Option  004).  All  programs  require  the  MATK-P.OM  (No.  11210A).  Some  programs 
require  less  than  the  full  number  of  program  steps  and  storage  registers  as  can  be 
noted  in  their  respective  descriptions. 

The  programs  can  be  converted  to  other  models  or  brands  of  desk  computers 
using  Reverse  Polish  or  none  RP  logic  or  units  having  fewer  program  steps.  With 
the  latter  in  mind,  the  programs  were  written  with  minimum  use  of  subroutines  so 
that  they  may  be  divided  more  easily  into  several  shorter  complete  programs. 

They  are  not  meant  to  be  models  of  programming  efficiency  and  do  not  utilize  every 
nuance  of  logic  or  operation  which  the  HP  9810A  offers.  They  are  meant  to  be 
utilized  by  engineers  who  may  wish  to  change  some  internal  elements  or  constants 
but  without  having  to  develop  a new  program. 

Each  program  is  documented  in  subsections  as  follows: 

(1)  Description  of  physical  problems, 

(2)  Description  of  the  program  development  including  the  detailed  mathematics, 
physics,  aerodynamics,  etc. , involved  in  the  problem  solution. 

(3)  Flow  chart, 

(4)  Operating  instructions, 

(5)  Input  data  form, 

(6)  Program  listing, 

(7)  Sample  of  printed  output, 

(8)  Notes  for  user.  Including  possible  changes  in  program. 

Table  1 provides  an  overvl-w  of  the  six  programs  presented  with  a brief 
description  of  their  usage  and  capability.  Program  No.  76.001  canbeused  typically 
for  a rapid  determination  of  what  balloon  in  an  inventory  is  capable  of  performing 
a special  task.  It  treats  the  no -wind  condition  which  is  indicative  of  the  smallest 
balloon  capable  of  the  particular  task.  It  also  provides  for  multi -cable  geometry 
and  checks  the  ballonet  for  adequacy  to  cover  the  specified  altitude  range. 

Program  No.  76.002  is  also  a no-wind  program  for  examination  of  the  effects 
of  center-of -gravity  and  center -of -buoyancy  position  relationships.  Programs 
76,003,  004,  and  005  may  also  be  used  for  similar  studies  although  they  were  pri- 
marily designed  with  wind  to  calculate  all  balloon  forces  and  to  obtain  the  net  total 
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force  and  its  angle  when  the  balloon  is  at  the  trim  condition  for  input  into  76.  006, 
the  tether-cable  program.  No.  76.003  is  intended  for  any  balloon  type  or  shape 
whereas  76,004  and  76.005  are  specialized  for  the  Family-2  balloon  design.  These 
latter  two  are  shown  as  written  for  a 45,000  CF  bal'oon  but  directions  are  provided 
for  simple  changes  to  cover  universal  applications. 

A typical  balloon  problem  was  established  and  used  in  Program  Nos.  76.001, 
004,  005  and  006  to  illustrate  their  printed  input  and  output  information. 


Table  1.  Tethered- Balloon  Computer  Programs 


PROGRAM 


76.  001  BASIC  BUOYANCY 

Wjnd  ~ 0,  Any  single  altitude  and  surface 
altitude,  1 to  5 cable  configuration 
Checks:  Ballonet/Altitude  Acceptability 

Provides:  Gross  and  Net  Lift  at  Surface 

Multi- Cable  Geometric  Parameters 


*1  Balloon 
•o 

g Trim 

« and 
s: 

Total 
(*<  Force 


76.002  GENERAL  T -BALLOON 

Trim',  Wind  = 0,  any  single  altitude, 
optional  matrix  variation  of  CG  and 
CB  locations 

Provides  a trim  at  input  or  matrix  values 
of  CG  and  CB  locations. 


76.003  GENERAL  T-BALLOON 


Trim,  any  set  of  wind 
profiles,  any  altitude  range 
from  ballonet  empty  to  full 
Provides:  a trim,  Ft»  9,  etc, 
over  range  of  altitudes. 


76.004  FAMILY -2  T-BALLOON 


rim,  any  wind  value, 
design  altitude  condition 
where  ballonet  empty 

Provides:  a trim,  F~,  9 


76.005  FAMILY -2  T-BALLOON 


Trim,  any  set  oi  wind 
profiles,  any  altitude 
range  from  ballonet  empty 
to  full 

Provides:  a trim,  F<j>»  9,  etc, 
over  range  of  altitudes. 


•2  Tether 
01 

$ Cable  . 

OJ 

Parameters 


76.  006  TETHER  CABLE,  TWO  DIMENSIONAL 


Single  cable,  any  set  ot  wind  promes, 

(Ft  and  6 input  required) 

Provides:  Tension,  angle,  and  space  position  of 
all  points  of  cable  from  balloon  to  surface. 


n J? 


Table  2 is  provided  in  order  to  fully  define  the  program  listings  which  are  di- 
rect copies  of  the  output  tape  (les3  number  code).  As  can  be  noted,  certain  codes 
in  the  listing  have  double  meaning  depending  on  whether  the  system  is  in  or  not  in 
an  alpha-numeric  print  mode. 

Table  2.  Definitions  of  Program  Codes 


A.  Standard  Mode 

In  the  explanation  below,  x,  y,  and  7 represent  the  contents  of  display  registers 
x,  y,  and  z,  respectively;  a and  b represent  the  contents  of  memory  registers  a 
and  b,  respectively.  The  mnemonics  and  their  respective  functions  are  shown 
below: 


Mnemonic 

Function 

V 

v -*  X 

b 

b *»  x 

a 

a ->  x 

YTO 

y -*  memory  address  which  follows 

XTO 

x -*  memory  address  which  follows 

1/X 

1/x  *»  X 

IND 

Used  for  indirect  addressing 

XFR 

Puts  the  value  in  the  following  memory 
address  into  x 

XSQ 

2 . 

X *»  X 

RUP 

x -*  y,  y ->  z,  z ->  x 

DN 

z -*  y,  y ->  x,  z ->  z 

XEY 

y *»  x,  x -»  y,  z '>  z 

UP 

x -*  y,  y-*z,  x ->  x 

sT 

yfH  -»  x 

DIV 

y/x-*  y 

X 

xy->  y 

” 

y - x *>  y 

+ 

y + x -»y 

CHS 

-x  ->  X 

EEX 

Used  when  assigning  an  exponent 
to  a number  being  entered  into  x. 

CLX 

Set  x to  0. 

0 through  9 

0 through  9,  respectively,  into  x. 

Used  to  put  a decimal  point  in  a 
number  being  entered  into  x. 
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CLR 

Set  to  0,  x,  y,  z,  a and  b. 

CNT 

Used  as  a null  operation  within  a 
program.  Used  to  run  a program. 

LBL 

Used  in  conjunction  with  a following 
symbol  to  indicate  a position  in  the 
program  memory. 

FMT 

Used  to  enter  (PMT,  FMT)and  leave 
(FMT)  the  print  mode. 

PNT 

Prints  the  value  of  x;  when  multiple 
PNT's  are  used,  lines  are  skipped 
after  x is  printed. 

K<Y 

If  x<y,  jump  to  the  address  indicated 
by  the  number  given  in  the  next  4 steps; 
if  not,  skip  the  next  4 steps. 

X 

It 

If  x=y,  jump  to  the  address  indicated  by 
the  number  given  in  the  next  4 steps; 
if  not,  skip  the  next  4 steps. 

X>  Y 

If  x>y,  jump  to  the  address  indicated 
by  the  number  given  in  the  next 
4 steps;  if  not,  skip  the  next  4 steps. 

GTO 

Go  to  memory  location  specified  in  the 
next  steps. 

END 

Used  as  the  last  step  of  a program; 
sets  point  of  operation  location  0000. 

PSE 

Causes  program  to  pause  and  x,  y,  and  z 
to  be  displayed. 

STP 

Causes  program  to  stop. 

A 

Conversion  from  rectangular  to  polar 
coordinates;  y,  r -*  x. 

H 

X^  -♦  X 

I 

Natural  logarithm  of  x -♦  x 

J 

ex  -»  x 

L 

Used  in  conjunction  with  keys  M,  N,  and 
O for  inverse  trigonometric  functions 

M 

sin  x •+  x 

N 

COS  X -»  X 

0 

tan  x -»  x 

K,  4 

Common  logarithm  of  x -» x 

K,  5 

10x  -+x 

K,  CLX 

Clears  all  numeric  registers. 

B.  Alpha  Numeric  Mode 


The  alpha  numeric  mode  is  entered  by  using  the  FMT  step  twice  and  is  exited 
by  using  FMT  once.  The  mnemonics  and  their  significances  in  this>mode  are 
ohown  below: 

Mnemonic  Character  printed 


A through  0 

IT 

b 

a 

YTO 

XTO 

1/X 

INT 

IND 

YE 

XFR 

XSQ 

RUP 

nT 

DIV 

X 


A through  0, 

P 

Q 

R 

S 

T 

U 

V 
W 
X 

Y 
Z 
© 

V“ 

/ 

* 


respectively. 


+ + 

CHS  n 

EEX 

0 through  9 0 through  9,  respectively 

CLX 


SFL  s 

LBL  $ 

IFL  ? 

X<Y  ( 

PSE  ) 

X=Y  % 

X>Y  ' 


GTO  . 

CLR 

CNT 


H 

This  causes  a carriage  return 
This  causes  a space 


3.  COMPUTER  PROGRAMS 


3.1  Program  76.001  — Tethered  Balloon  Basic  Buoyancy, 

Ballonet  Check,  Multiple  Tether  Cable  Configuration 

3. 1. 1 GENERAL  DESCRIPTION 

This  program  was  developed  to  assist  in  the  rapid  solution  of  many  day-to-day 
problems  involved  in  estimating  which  of  several  stock  balloons  might  be  accept- 
able for  a given  payload.  It  is  also  useful  as  the  first  step  in  the  series  of  pro- 
grams. 

The  approach  was  to  permit  any  one  of  five  typical  tethered  balloon  cable  con- 
figurations to  be  handled.  These  are  single,  dual,  three,  four,  and  five  cable  con- 
figurations as  illustrated  below. 


The  program  is  designed  to  simply  compute  the  net  lifting  force  at  the  surface 
that  must  be  resisted  by  one  or  more  winches  or  tie-down  points  on  the  ground  by 
subtracting  all  of  the  various  masses  frofn  the  gross  lift  of  the  balloon.  Since  no 
aerodynamic  forces  are  considered,  this  covers  the  zero  wind  case. 

Since  wind  produces  additional  lift,  particularly  in  the  case  of  aerodynamically 
shaped  balloons,  this  program  is  ideal  for  selecting  a minimum  balloon  size  for  a 
given  problem.  That  is,  it  represents  the  minimum  lift  that  any  configuration  will 
experience. 
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Also  included  is  a check  that  the  balloon  height  above  ground  does  not  exceed 
that  permitted  by  the  fixed  ballonet  volume.  If  it  should  exceed  the  allowable  ex- 
cursion, the  user  is  permitted  a choice  of,  (1)  accepting  the  condition  which 
entails  a non-rigid  balloon  on  the  surface  before  reelup,  (2)  requesting  the  maxi- 
mum permissable  flight  altitude  for  a tight  balloon  at  the  surface,  or  (3)  selecting 
a new  altitude. 

In  the  tether  cases  2 to  5,  additional  information  on  the  geometry  of  the  cable 
layout  is  also  provided. 

3.  1.  2 DEFINITIONS  AND  DEVELOPMENT:  PROGRAM  NO.  76.  001 

A.  Wind  = 0.  Most  severe  case,  that  is,  minimum  lift. 

B.  Length  of  cable. 

Config.  1:  Single  tether  (N  = 1),  X.  = Zg  - Zg  = Vert.  Height,  H 
Config,  2:  Two  tether  (N  = 2) 


Given  x.  Distance  between  two 
Anchor  Points 

tan  y = th 

or  = 90  - y 
^ = H/sin  a 


Config.  3,  4,  and  5 have  in  common  a 3-cable 
pyramid,  all  3 equal  in  length,  the  apex  lies 
vertically  over  the  ground  zero  point,  and 
the  3 anchor  point3  form  an  equilateral 
triangle  centered  at  ground  zero. 

Config.  3:  Balloon  attached  at  apex. 

■ Config.  4:  Balloon  extended  above  apex  by  4th  cable,  ?e,  length 
of  4th  cable,  must  be  entered. 

Config.  5:  A 5th  cable  from  apex  to  ground  zero  is  added. 
(Designated  as  5 cables,  N=  5,  even  if  there  is  no  4th  cable; 

3e  = 0 as  entry) 


Given  a,  cable  angle  at  surface 
H 


J , lengths  of  pyr.  cables  H 

sin  ol  , 


r = \ cos  a,  radius  of  ancr.  pt3. 
s = r/2 

2 H_ 


0 = arc  tan  ° , pyr.  plane 


angle  at  surface. 


C.  Cable  weights:  / 

Allow  for  each  cable  to  be  different  / 

size  and  weight.  V 

Allow  for  entry  of  each  cable  weight 
after  net  lift  at  the  balloon  is  calculated. 

Weights  entered  in  lb/ 1000  ft  but  these  are  reduced  to  lb/ft  in 
program  and  stored  so  that  the  weight  of  each  cable  is  & X (lb/ft). 


D.  Basic  calculations:  Vg  = Balloon  volume,  v = Ballonet  volume, 
sp.  lift  at  ZB  = Sp  Lift  at  Z = 0,  MSL  x PZB/p 
Gross  lift,  Lq  - Vg  x (Sp.  Lift  at  Zg) 

Net  Balloon  Lift,  L = LG  - Wg 

Net  Balloon  lift  with  Instrument  Package  = L - Wj  = LQ  - Wg  - W^ 
Net  Balloon  lift  with  Payload  = L - Wj  - Wp  = Lq  - Wg  - Wj  - W 
Net  lift  on  ground  = Lq  " Wg  - Wj  - Wp  - (sum  of  all  cable  weights) 


E.  Ballonet.  Given  ballonet  volume,  v,  as  entry 

Vg  - v 

(1)  By  definition:  P^lpQ  = — y — . Designed  into  balloon 

B 


In  p/p„ 


(2)  Obtain  Pr,/p„  from  —m — = a + a,  Z_ 

H o Zg  o IB 

In  Po/p. 

(3)  Obtain  Pg/pQ  from — — - = aQ  + aj  Zg 

S 
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(4)  pBlp S = PBlpo  x po,ps 

a.  If  PB/ps  > Pd/Pg»  balloon  flight  altitude  is  lower  than 
the  max.  it  could  be  flown  above  Zg 

b.  If  PB/PS  < Pd/pg.  balloon  flight  altitude  is  above  that 
permitted  by  ballonet  design  for  flight  starting  at 

Zg  - that  is.  gas  would  be  lost  or  must  start  with  slack 
balloon  on  the  surface  to  provide  full  balloon  (ballonet 
empty)  at  Zg. 

c.  If  PB/PS  = Pd/Pg«  exact  design  flight  altitude  above  Zg 
is  being  used. 

d.  In  program,  user  is  allowed  choice  if  condition  b results 
from  the  altitude  and  ballonet  size  entered. 

Choices  are:  1.  Keep  Zg  and  accept  slack  surface 
condition. 

2.  Let  program  compute  max.  Zg  so 
that  condition  c exists. 


3.  Pick  a new  Z 


£b  _ ^d 
pS  PS 
Pd  pd 


fd 

pS  po 


lnpdlpc 


For  d-1:  Compute  amount  of  inflation  on  surface 

ps  Vol  gas  at  ZB  Vg 

PB  ” Vol  gas  at  Zg  Vol  gas  at  Zg 

Pt3 

Tot  Vol  at  Zc  = Vol  gas  at  Zc  + v = V„  — S + v 
o o B pc 


VgPR/ps+  v 

% fullness  at  Zc  = (— ) 100 

5 VB 


,/0462\ 
fo46T^"pg  Pg 


"Alert"  Message  for 
Z Too  High 
Enter  Choice 
n=  1 - Keep  Orlg.  Z 
n=  2 - Set  Z=  Max  Design 
n*  z'  - A different  Z 


Is  n = 1 


No  ^ — 0659 
■oTTr\ls  n =2, 


User  Entry 


User  Entry 
WC2 


0964 
Is  N>2 


User  Entry 
W„, 


Note:  to  tlo»  eh.rl.  N Indio....  »™b.r  ol  o.bl,.,  o iodide.  »»  «b.le. 
when  original  altitude  entered  is  too  high. 
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3. 1. 4 OPERATING  INSTRUCTIONS 


PRINTS 


KEY  STROKES 

RUN 

END 

FIX  2,  3,  — 
CONT 

Ent.  VB 
CONT 

Ent.  v 
CONT 

Ent.  WB 
CONT 

Ent.  Wj 
CONT 

Ent.  Wp 
CONT 

Ent.  Zg 
CONT 

Ent.  Z 
CONT 


Ent.  N 
CONT 


(No.  of  desired  decimal  places) 

Program  No.  and  Title 
Enter  in  X, 

BALLOON  VOL.  (Vg,  CF) 

VB  value 

BALLONET  VOL.  (v,  CF) 
v value 

BALLOON  WEIGHT  (Wg,  lb) 


Wg  value 

WT.  BAL.  INSTR.  PKG.  (Wj,  lb) 


Vrj  value 

WT.  EXP.  PAYLOAD  (Wp.  lb) 


Wp  value 

SURFACE  ALT.  MSL  (Zg,  ft) 


Zg  value 

FLIGHT  ALT.  MSL  (Z,  ft) 


Z value 

VERT.  HEIGHT  (H,  ft) 

H value 

NUMBER  OF  CABLES  (N  = 1,  2,  3,  4,  or  5) 
(If  there  is  no  extension  cable  between 
3 cable  pyramid  and  balloon  but  there  is  a 
cable  from  apex  to  ground  ?ero,  ENTER/ (5), 
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N = 1) 


(If  N « 3.  4.  or  5) 


<ff  N = 2) 

Dist.  on  Ground 
Between  2 Cables  (x,  ft) 

Ent.  x 

CONT  X value 


Pyramid  Cable 
Angle  (a.  deg) 

Ent.  a 

CONT  or  value 

(If  n = 3) 

(If  N = 4 or  5) 

I 

Length  Ext.  Cable  (/.e»  ft ) 


Ent.  le 

CONT  i value 
I e 


_ (if  ballonet  checks  too  small 
following  is  printed. ) . 


**Alert.  .Alert  XX 
Flight  Alt.  Too 
High  Above  Surf, 
for  Ballonet  Size 
Ent.  in  X one  of 
the  following. . 

1- io  Retain  Alt. 
and  Slack  Launch 
Condition 

2 - to  Obtain  Exct 
Max.  Design  Alt. 
or  Z'-A  Dlff.  Alt, 

Ent.  1.  2 or  Z' 

CONT  1,  2,  or  Z' 


-j— L (If  Z'  is  still  too  high) 

Flight  Alt.  MSL  (Z,  ft. ) 

Z value  (Repeat  of  Orig  or  2nd  Selection  or  Max.  Design) 
Vert.  Height  (H,  ft.) 

H value  (repeat  or  new  value) 

Gross  Lift  (L_  lbs) 

Lg  value  u 

Net  Bain.  Lift. 

NLg  value 

Net  Lift  w Instruments 
NLg  + , value 

Net  Lift  w Payload 

NLB  I + P value 
Ent.  in  X Cable 
Wf.  per  1000  ft 
Cable  No.  1,  WCj,  lbs 
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Ent. 


V 

Cl 


CONT 
(If  N = 1) 


Wc , value 

(If  N = 2,  3,  4,  or  5) 

Cable  No.  2 


Ent.  WC2 

CONT  WC2  value 

(If  N = 2)  ' (If  N = 3,  4.  or  S) 
! Cable  No.  3 


Ent.  WC3 

CONT  WC3  value 

(If  N = 4 or  5) 
Cable  No.  4 

Ent.  WC4 

CONT 


WC4  value 

(If  N = 5) 
Cable  No.  5 

Ent.  WC5 
CONT  W, 


C5  value 


Height  of  Pyr.  (H  , ft) 

H value  p 

Length  of  Each 
Pyramid  Cable  (i,  ft. ) 
a value 

Radius  of  3 Ancr 
Pts.  Abt.  Gnd  Zero  (r,  ft) 
r value 
Angle  at  Grnd 

of  3 Pyrm.  Planes  (0 , deg) 

/3  value 

Tot.  Wt.  of  3 Pyrm 
Cables  Wo lbs 

Wcn,  value 

' ' (If  N = 4 or  5) 

Wt.  of  4th  Cable,  Wcj4j,  lbs 
Wcj4j  value 

Tot.  wt,  of  4 Cable,  Wc(4),  lbs 


Length  of  each  of 
the  2 Cables  (£,  ft) 

>■  value 

Tot.  wt.  of  2 Cable,  Wc,„„  lbs 
Wc(2)  value  w 


Wc(4)  value 

(If  N * 5) 

Wt,  of  5th  Cable,  Wc,,„  lbs 
Wc^gj  value  *5' 

Tot.  wt.  of  5 Cable,  Wc,s>, 
Wc^gj  value 


1 1 1 1 

Net  Lift  at  Grnd.  (NL,  lbs)  (Divide  this  by  number  of  cables  attached  to  ground 
to  obtain  tension  in  each  cable  at  the  ground) 

(If  slack  balloon  selected  above) 


Remember  * this  is  a slack  balloon 
on  the  surface.  Inflated  Vol.  on 
surf.  (Vg,  cu  ft) 

Vg  value 

Percent  of  Bain.  Volume  (Vg /Vg  X 100) 
Vs /V0  X 100  value 


3.  1.  5 SAMPLE  INPUT  DATA  FORM 


Input 

76.  001 

Volume  of  Balloon 

VB 

cu  ft 

Volume  of  Ballonet 

V 

Weight  of  Balloon 

WB 

lb 

Weight  of  Instr.  Pkg. 

WI 

lb 

Weight  of  Payload 

H K 

lb 

Altitude,  Max.  or  Design 

ZMAX 

ft,  MSL 

Altitude  of  Surface 

ZS 

ft,  MSL 

Number  of  Cables 


If  2,  Distance  on  ground 


If  3,  4,  or  5,  Pyramid  Cable  Angle 


If  4 or  5,  Length  of  Ext.  Cable 


Cable  #1  Weight  per  1000  ft 


Cable  #2  Weight  per  1000  ft 


Cable  #3  Weight  per  1000  ft 


Cable  H Weight  per  1000  ft 


Cable  #5  Weight  per  1000  ft 


PROGRAM  76.001  - BASIC  BUOYANCY 


STORAGE 


CL, 


000  /<?oo 

001  ~y^ 

2 -V 

3 \Wr 

004 

005 

006  \Sr,U 


Cp.  ll'C,  C-2 


JOt.C-J 


Sr.  lice,  -y 


m 


OC-XlhU. 
CX~  Pv/i.i 


3.1.6  PROGRAM  76.  001  - BASIC  BUOYANCY 


STEP  KEY 


1BWW 

STEP  KEY 

0050—  8 

0100—  L 

8051 — 1 

0101—  L 

0852—  3 

0102—  O 

0O53—  6 

0103—  0 

0854—  O 

0104—  H 

0O55—  6 

OIOS— CUT 

0O56— CHS 

0106— HIT 

0057— EEX 

0107—  O 

0058—  5 

OIOS—  L 

_O059— CHS. 

_01O9—  . 

0060— XTO 

0110— FMT 

0061 — b 

0111—  STP 

0062—  0 

0112— PUT 

0063—  . 

011 3 — XTO 

0064—  O 

8114—  1 

0065—  6 

0115— FMT 

8066—  5 

8116— FMT 

O067—  9 

0117—  8 

STEP  KEY  STEP  KEY 


0118  — 
0119— 
■012O-- 
©121  — 
0122 — 
0123 — 
0124  — 
9125— 
0126— 
0127— 
0123— 
0129— 
"0130  — 
0131  — 

0132— 
C*  1 33 — 
0134  — 

0135 — 

0136— 

0137 — 

0133 — 
0139 — 

"014O- 

0141- 

0142- 

0143- 

0144- 

0145- 

0146- 

0147- 
0143- 
0149- 


0150— 
©151  — 

0152 — 

0153 — 

0154  — 

0155  — 

01 56- - 

0157— 
0153— 
0159— 

'0160  — 
0161  — 

0 1 62— 

0163— 

0164— 

0165— 

0166— 

0167— 

0168— 

0 1 69-- 

-0170— 
0171  — 

0172 — 

0173 — 

0174— 

0175— 

0176 — 

0177 — 

0178 — 

0179— 
-0180  — 

0181  — 
0182— 
0183— 
0184  — 
0185— 
01S6— 
0187 — 
0183 — 
0189 — 
"0190— 
0191  — 

0 1 92— 

0 1 93— 
0194  — 

0195 — 

0196 — 

0197— 

0198— 

0199— 


0200  — 
0201  — 
0202— 
02O3— 
02O4  — 

0205— 

0206— 

0207— 

0208— 
_8209 — 

021O — 
0211  — 
0212- 
0213- 
0214  — 
8215- 

0216- 

0217- 

0218- 

0219- 

"0220- 

0221- 

6222- 

0223- 

0224- 

0225- 

0226- 

0227- 
0223- 
0229- 

"023O- 

0231- 

0232- 

0233- 

0234- 

0235- 

0236- 

0237- 
0233- 
0239- 

"0248- 
024 1 - 

0242- 

0243- 

0244- 
8245- 

0246- 

0247- 

0245- 

0249- 


0250- 

0251- 

0252- 

0253- 

0254- 

0255- 

0256- 

0257- 
3253- 

0259- 

0260- 

0261- 

0262- 

0263- 

0264- 

0265- 

0266- 

0267- 
026S- 
0269- 

"O270- 

8271- 

0272- 

0273- 

0274- 

0275- 

0276- 

0277- 
0273- 
0279- 

"0280- 

0231- 

0282- 

0283- 

0284- 

0285- 

0286- 

0287- 

0288- 
■0289- 
"029O- 

0291- 

0292- 

0293- 

0294- 

0295- 

0296- 
8297- 

0298- 

0299- 


STEP  KEY  STEP  KEY  STEP  KEY  STEP  KEY 


STEP  KEY  STEP  KEY 


0303- 

0304- 

0305- 

0306- 
030?- 
0308- 
.0309- 

0310- 

0311- 

0312- 

0313- 

0314- 

0315- 

0316- 

0317- 

0318- 

0319- 
*0320- 

0321- 

0322- 

0323- 

0324- 

0325- 

0326- 

0327- 

0328- 

0329- 


0350- 

0351- 
8352- 

0353- 

0354- 

0355- 

0356- 

0357- 

0358- 
-.0359- 

0368- 

0361- 

0362- 

0363- 

0364- 

0365- 

0366- 

0367- 

0368- 

0369- 
“O370- 

0371- 

0372- 

0373- 

0374- 

0375- 

0376- 

0377- 

0378- 

0379- 
“0380- 

0331- 

0382- 

0383- 

0384- 

0385- 
8336- 
0337- 

0388- 

0389- 
“0390- 

0391- 

0392- 

0393- 

0394- 

8395- 

8396- 

0397- 

0398- 

0399- 


0400  — 

0401  — 

0402— 

0403  — 

0404  — 

0405  — 

0406  — 

0407  — 

0403— 
.0409— 

0410— 
0411  — 
0412 — 
©413 — 

0414  — 

0415  — 

04 16 — 

04 1 7 — 

0418 — 
0419  — 

"0420  — 
0421  — 
8422— 
0423— 
0424  — 
0425— 
0426  — 

0427— 

0428— 
8429— 

"0430— 
0431  — 

0432— 

0433— 
0434  — 
0435— 
0436'— 
0437  — 
8438— 
0439  — 

-044O— 
0441  — 

0442 — 

0443 — 
0444  — 

0445— 

0446— 

0447- - 

0448- 
0449  — 


0450- 

0451- 

0452- 

0453- 

0454- 

0455- 

0456- 

0457- 
0453- 

.0459- 

0460- 

0461- 

0462- 

0463- 

0464- 

0465- 

0466- 

0467- 
0463- 
0469- 

*0470- 

0471- 

0472- 

0473- 

0474- 

0475- 

0476- 
04?  7- 

0478- 

0479- 
"0480- 

0481- 

0482- 

0483- 

0484- 

0485- 

0486- 

0487- 

0488- 
0439- 

'0490- 

6491- 

0492- 

0493- 

0494- 

0495- 
6496- 
0497- 
6498- 
0499- 
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STEP  KEY  STEP  KEY  STEP  KEY 


1508- 

1501- 

1502- 

1503- 

1504- 

1505- 

1506- 

1507- 
150S- 

.1509-? 

1518- 

1511- 

1512- 

1513- 

1514- 

1515- 

1516- 

1517- 

1518- 

1519- 
1528- 

1521- 

1522- 

1523- 

1524- 

1525- 

1526- 

1527- 

1528- 
_1529- 

1530- 

1531- 

1532- 

1533- 

1534- 

1535- 

1536- 

1537- 

1538- 

1539- 
"1540- 

1541- 

1542- 

1543- 

1544- 

1545- 

1546- 

1547- 

1548- 

1549- 


“ 0 . 

- F 
-CUT 

- 4 
-CNT 

- C 

- fi 

- B 

- L 
-FMT 
-PHT 
-XT0 

- 1 
- 6 
-GTO 
- 1 

- 6 

- O 

- 2 
-XFR 
- 2 


1550— 
1551  — 

1 552 — 

1 553 — 

1554— 
1555  — 

1556— 

1557— - 

1558— 
.1559— 

1560— 
1561  — 

1562 — 

1563 — 

1564— 

1565— 

1566 — 

1567— 

1568— 

1569— 
"1570- 

1571- 

1572- 

1573- 

1574- 

1575- 

1576- 

1577- 

1578- 
_1 579— 

1580- 

1581- 

1582- 

1583- 

1584- 

1585- 

1586- 

1587- 

1588- 

1589- 

1590- 

1591- 

1592- 

1593- 

1594- 

1595- 

1596- 

1597- 
1 5 ?*3— 
1599- 


1600— 
1601  — 

1602— 

1603— 

1604 — 

1605 — 

1 606 — 

1 607 — 
1 60S — 
1 609 — 

"1610 — 
1611  — 
1612 — 

1613 — 

1614 — 

1615 — 

1616 — 
1617  — 
1618— 
1619 — 

“1 620 — 
1621  — 

1622 — 

1623 — 

1624 — 

1 625 — 

1 626 — 

1627 — 

1628— 

1629— 

1630— 
1 631  — 

1 632 - 

1633- 

1634- 

1635- 

1636- 

1637- 

1638- 
1 639  — 

"1640- 

1641- 

1642- 

1643- 

1644- 

1645- 

1646- 

1647- 

1648- 

1649- 


1650 — 
1651  — 

1652- 

1653- 

1654- 

1 655- 

1656- 

1657- 
1653- 

.1659- 

1660- 

1661- 

1662- 

1663- 

1664- 

1 665- 

1666- 

1667- 

1668- 

1669- 

“1670- 

1671- 

1672- 

1673- 

1674- 

1675- 

1676- 

1677- 

1678- 

1679- 

1680- 

1681- 

1632- 

1633- 

1684- 

1685- 

1686- 

1687- 
1638- 

,1689- 

“1690- 

1691- 

1692- 

1693- 

1694- 

1695- 

1696- 

1697- 

1698- 

1699- 


KEY 

STEP  KEY 

STEP]  KEY 

- UP 

1708—  0 

1750—  F 

-XFR 

1701—  H 

1751— CNT 

M O 

1702— CNT 

1752—  B 

-RUP 

1703— XTO 

1753—  fl 

• + 

1704—  H 

1754—  L 

- DH 

1705—  E 

1755—  N 

-XEV 

1706— CHT 

1756—  . 

- UP 

1787— YTO 

1757— INT 

- DH 

1708— 1/X 

1758—  O 

— D I V _ 

_1709—  o.  . 

-1759—  L 

- 1 

1710—  F 

1760  — 1/X 

- O 

171  i — fi 

1761—  M 

- 0 

1712—  C 

1762—  E 

1713 — 

1714 — 

1715 — 

1716— 

1717— 

1718— 

1719 — 
'1 720 — 

1721  — 

1722— 

1723— 
1724  — 
1725 — 
1726  — 
1727— 
1728  — 
1729— 

"1730— 
1731  — 

1732— 

1733— 
1734  — 

1735— 

1736— 

1737— 

1738— 
1739  — 

-1740— 
1741  — 

1742 — 

1 743 — 
1744  — 

1745- 

1746- 

1747- 

1748- 

1749- 


1763- 

1764- 

1765- 

1766- 

1767- 

1768- 

1769- 
'1770- 

1771- 

1772- 

1773- 

1774- 

1775- 

1776- 

1777- 

1778- 

1779- 
"1780- 

1781- 

1782- 

1783- 

1784- 

1785- 

1786- 

1787- 

1788- 

1789- 
"1790- 

1791- 

1792- 

1793- 

1794- 

1795- 

1796- 


- 1 

-CLR 

-CLR 

-C;LR 

-CLR 

-CLR 

-CLR 

JFMT 

- K 
-CLX" 
-GTO 

- O 


3. 1.7  SAMPLE  INPUT /OUTPUT  PRINT 

The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solution. 
For  a discussion  of  the  particulars  of  this  problem,  see  Section  4. 


PROGRAM  5176.001 
BASIC  BUOYANCY 

enter  i!i  

BALLOON  VOL. 

30000. 000* 
BALLONS T VOL. 

3000.0004 
BALLOON  WEIGHT 

725.0004 
UT.BAL. IN3TR.PKG 

1 00 . 000 

UT . EXP. PAYLOAD 

100.0004 
SURFACE  ALT . MSL 

4000.0004 
FLIGHT  ALT.HSL 

18000.000* 
VERT. HEIGHT 

14000.000 
NUMBER  OF  CABLES 
1 . 000* 

*S*ALERT*S 
FLIGHT  ALT. TOO 
HIGH  ABOVE  SURF. 
FOR  BALLOHET 
SIZE 

ENT.  IN  X ONE  OF 
FOLLOWING. . . 

1 -TO  RETRItl  ALT. 
AND  SLACK  LfiUNLr 

conn n ion 

2-TO  OBTAIN  EKCT 
MAX. DESIGN  ALT. 
OR  Z-A  PIFF.fli  T . 

2.000  t 


MAX. 

FLIGHT  ALT.HSL. 

13906.417 
VERT. HEIGHT 

9906.417 
CROSS  LIFT 

1293.538 
NET  BALM. LIFT 

568.538 

NET  LIFT  U IHSTR 

463.538 

NET  LIFT  U PRYLD 

368.538 

ENT. IN  X CABLE 
UT . PER  1000  FT 
CABLE  NO. 1 

25.000* 
UT . OF  1 CABLE 

247 . 660 

NET  LIFT  -GRUB. - 
120.878 

J.B.U.  76.001 
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v v > .-uuy  ,1,1  > 

' fty*?  ***** 


PROGRAM  #76.001 
BASIC  BUOYANCY 

ENTER  IN  X> 

BALLOON  VOL. 

45000.000? 
BALLONET  VOL. 

13522.000? 
BALLOON  WEIGHT 

370. 000* 
WT.BRL. INSTR.PKG 
150.000- 
WT. EXP. PAYLOAD 

lOO.OOO* 
SURFACE  ALT.NSL 
4000.000? 
FLIGHT  ALT.MSL 

1SOOO. 000? 
VERT. HEIGHT 

14000.000 
NUMBER  OF  CABLES 
1 . 000? 

?**ALERT?s 
FLIGHT  ALT. TOO 
HIGH  ABOVE  SURF. 
FOR  BALLONET 
SIZE 

ENT. IN  X ONE  OF 
FOLLOWING. . . 

1 -TO  RETAIN  ALT. 
AND  SLACK  LAUNCH 
CONDITION 
2-TO  OBTAIN  EXCT 
MAX. DESIGN  ALT. 
OR  Z-A  D IFF. ALT. 

2.000- 


MAX. 

FLIGHT  ALT.MSL 

15323.770 
VERT. HEIGHT 

1 1323.770 
GROSS  LIFT 

1850.818 
NET  BALM. LIFT 

830.818 

NET  LIFT  W IHSTR 

730.818 

NET  LIFT  tJ  PAYLD 

630.818 

ENT. IN  X CABLE 
UT.PER  1000  FT 
CABLE  NO. 1 

25.000? 
UT.OF  1 CABLE 

283.094 

NET  LIFT  -GRND. - 
347.724 

J.B.U.  76.001 


PROGRAM  #76.001 
BASIC  BUOYANCY 

ENTER  IN  X> 

BALLOON  VOL. 

45000. 000* 
BALLONET  VOL. 

13522.  t:00- 
BALLCON  ME  I C;l  T 

970 , yi-y? 
UT.BAL. INSTR.PKG 
1 50 . 000 4 
WT. EXP. PAYLOAD 

1 00 . 000? 
SURFACE  ALT.MSL 
4000.000? 
FLIGHT  ALT . M y L 

14000.000* 
VERT. HEIGHT 

1 0600 . ij Ci  0 

NUMBER  OF  CABLE1' 

1 . 000? 

FLIGHT  ALT.MSL 

14000.000 
VERT. HEIGHT 

1 0000 . 000 
GROSS  LIFT 

1934.310 
NET  BALM. LIFT 

964.310 

NET  LIFT  U IN': TR 

814.310 

NET  LIFT  M PA . LB 
714-310 

ENT.  IN  X CnfcMfl 
UT.PER  1000  FT 
CABLE  NO. 1 

3 5 . U 0 — 
UT.OF  1 CABLE 

250 . y UU 

NET  LIFT  -GFHD . - 

464 . 310 

J.B.U.  76.001 
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3.2  Program  No.  76.002  — General  Tethered  Ballooru,  Trim, 

Single  Altitude,  Zero  Wind,  Optional  Matrix 

3.  2. 1 GENERAL  DESCRIPTION 

The  trim  of  a tethered  balloon  is  associated  with  the  magnitude  of  several  types 
of  forces  and  their  effective  points  of  application  relative  to  the  point  to  which  the 
tether-lj’-e  is  attached.  This  point  of  tether-line  attachment  is  called  the  con- 
fluence-point due  to  its  being  the  confluence  of  a number  of  smaller  flying-lines 
leading  to  attaching  points  along  the  balloon's  sk:n. 

The  forces,  (see  Figure  in  Section  3.  2. 2)  acting  on  a tethered  balloon,  under 
zero  wind  conditions  are  the  gross  lift  and  the  weight  of  the  balloon  and  its  hard- 
ware; their  net  effect  being  opposed  by  tension  in  the  tether  cable. 

In  Section  3. 2. 2,  the  derivation  of  an  equation  adaptable  to  use  in  a simple 
computer  is  shown.  It  essentially  states  that  the  net  rotational  moment  about  the 
confluence- point  must  be  zero.  The  program  will  compute  the  lift  force  from  the 
volume  and  altitude  entered  and  then  solve  a simple  equation  for  the  trim  angle-of- 
attack. 

An  optional  feature  is  a matrix  whereby  four  dimensions  relating  the  center- 
of-gravity  and  center-of-buoyancy  positions  are  made  to  vary  automatically  with  a 
trim  angle  solution  for  every  combination  of  the  four  variables. 
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3.  2,  2 DEVELOPMENT  OF  PROGRAM,  AND  EQUATIONS 

This  case  is  concerned  with  any  tethered  balloon  under  zero  wind  conditions. 
A.  The  object  of  the  program  is  to  determine  the  trim  angle  of  the  balloon. 
The  tether  cable  is  connected  to  the  system  at  the  confluence  point  of  the  multiple 
flying-lines  attached  to  the  balloon's  skin.  Hence  at  trim: 

E Moments  at  Confluence  Point  = 0 


Consider  Positive  Moment  Clockwise 

If  La  = Lq  sin  a 

L = Lr  cos  a 

n u 

WA  = W sin  a: 

= W cos  a 

Sum  of  the  moments: 

(1)  m WN+ n WA  - u La  - t Ln=  0 

(2)  m W cos  a + n W sin  « - u Lq  sin  n - t Lq  cos  n = 0 

(3)  m W - t Lq  + n W tan  n - u Lq  cos  a = 0 

(4)  m W - t Lq  = tan  « (u  Lq  - n W) 

m W - t Lq 

(5)  (v  = arc  tan  u Lg  . n W- 
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B.  Dimensions,  m,  n,  t,  and  u are  needed  within  program  but  are  included 
by  providing  the  locations  of  the  C.  P, , C.  G. , and  C.  B.  on  the  x-y  grid  defined 
above,  that  is, 

XCP  - Pos.  Value 
YCP  - Neg.  Value 
XCq  - Pos.  Value 


YCG  - Neg.  Value 
XGB  - Pos.  Value 
Ycb  - Pos.  Value 


Then, 


m = X 
n = Y 


CG  ‘ 
CG  ‘ 


X 


CP 

,CP 


t = X 
u = Y 


CB 

CB 


C.  To  provide  an  optional  matrix  of  variations  in  m,  n,  t,  and  u to  indicate 
an  optimum  combination  in  design  problem,  the  program  is  set  up  so  that  after 
first  computation  each  in  turn  will  be  incremented  to  a larger  value  by  a desired 
amount,  say  0. 1 ft,  any  number  of  times  up  to  a limit.  To  handle  this,  inputs 
are: 


Am  - m Increment 
nAm  - Number  of  m Increments 
An  - n Increment 
NAn  - Number  of  n Increments 


At  - t Increment 
NAt  - Number  of  t Increments 
Au  - u Increment 
NAu  - Number  of  u Increments 


This  suggests  that  when  running  the  matrix,  values  of  CG,  CB,  and  CP  locations 
should  be  entered  to  produce  the  smallest  reasonable  starting  values  for  m,  n,  t, 
and  u in  order  to  bracket  useable  conditions. 

D.  To  calculate  lift  for  a given  volume  of  balloon  at  any  altitude,  using  helium. 
The  density  ratio  may  be  obtained  by  use  of  the  relationship 


tn  pip 

Z ao+  alZ 


where 


Z = altitude.  Ft.  MSL 

aj  = -1.7772'10 

a = -2.  8136 1-5 
o 

o 

The  specific  lift  of  helium,  standard  conditions  at  sea  level  .06599  lbs/ft  . 
Specific  lift  at  altitude  = . 06599  p/pQ 
Gross  lift,  LQ  = Vg  x (Specific  lift) 


34 
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Matrix  Complete  Message 
Clear  Keisters 
Go  To  0000 


m 


m 


3.  2. 4 OPERATING  INSTRUCTIONS 


KEY  STROKES 

RUN 

END 

FIX.  2.3. 

CONT  (X) 

Stop  1,  Enter:  Z 

CONT 


Stop  2,  Enter:  X^P 

CONT 


Stop  3,  Enter:  XCG 

CONT 


Stop  4,  Enter:  ^CB 

CONT 


Stop  5.  Enter:  n 

or 


ENTRIES  PRINTS 


,CP 


CG 


CB 


(No.  of  decimal 
places  desired) 

(Z)  Program  No.  & Title 


Vp,  Balloon  Volume 
B CF 

W_,  Balloon  Weight, 
a lb 

Z,  Altitude,  ft  MSL 
Lq,  Gross  Lift,  lb 


XCP.  Confl.  Point  X, 
CP  ^ 

Y'"'  , Confl.  Point  Y, 
ft 


X__,  Center  of 

Gravity  X,  ft 
Yrr>  Center  of 
^ Gravity  Y,  ft 


X™,  Center  of 

Buoyancy  X,  ft 

YpB,  Center  of 

Buoyancy  Y,  ft 

m,  ft 

n,  ft 

t,  ft 

u,  ft 

Ent.  fl  in  X if  no 

matrix  calcu- 
lations are 
desired. 

(If  no  matrix  requested. ) 

Trim  angle,  a 

Value  of  trim  angle 


Stop  5,  Enter: 

CONT 

ft 

NAm,  No.  of  Incre- 
ments 

m , Limiting  Value  of 
Sn,  ft 


Am 


NAm 


Am,  Increments  of  Am, 
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Stop  6,  Enter: 
CONT 


An 


NAn 


An  Increments  of  An 
ft 

NAn  No.  of  Incre- 
ments 

n,  Limiting  values  of 
1 n,  ft 


Stop  7,  Enter: 

At 

NAt 

- 

CONT 

At,  Increments 

of  At,  ft 

NAt,  No.  of  Incre 


ments 

t . , Limiting  value 
oft,  ft 


Stop  8,  Enter: 

Au 

NAu 

- 

CONT 

Au,  Increments 
of  Au,  ft 
NAu,  No.  of 

Increments 

u.  Limiting  value 
1 of  u,  ft 

Program  then  proceeds  to  calculate  all  combinations  of  m,  n,  t and  u in  matrix 
beginning  with  initial  values  obtained  from  entries  at  Stop  Nos.  2,  3,  and  4. 


m,  ft 

n,  ft 

t,  ft 

u,  ft 

a,  deg  triin  angle 


m'  = m + Am 

n 

t 
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3.2.6  PROGRAM  76.  002  - TRIM.  GENERAL  BALLOON,  WIND  : 


STEP  KEY  STEP 


0000  — CLR 
0001— FHT 


STEP  KEY  STEP  KEY 


0061 —  CHS 

0062 —  EEX 


0075— XTO 


0082 —  STP 

0083—  RUP 

0084—  PUT 


0088— RUP 
0*!8? — PUT 


0 1 00— 
0101  -- 
8102— 
0103— 
0104  — 

0105- 

0106— 
8107— 
0108— 

.0108-- 
"oi lo- 
om- 
0112- 
0113- 
0144- 
0115- 
01  lb- 

01 17- 

0118- 
0119- 

“0120- 

0121- 

0122- 

0123- 

0124- 

0125- 

0126- 

0127- 

0128- 
0123- 

“0130- 

0131- 

0132- 

0133- 

0134- 

0135- 

0136- 

0137- 


0037— PM 


0150— 
01  SI- 
01  52— 

0153— 

0154— 

0155— 

0 1 56— 

0 1 57 — 

0158— 
.0153— 

016O— 
0161  — 
0162 — 
0163 — 
0164  — 

0165— 

0166- 
0167- 
0163- 
0163- 

■017O- 

0171- 

8172- 

0173- 

0174- 

0175- 

0176- 

0177- 
0173- 

0178- 
‘0180- 

8181- 

0182- 

0183- 

0184- 

0185- 

0186- 

0187- 

0188- 

0183- 
“0130- 

0131- 

0132- 

0133- 

0184- 
8135- 

0136- 

0137- 
0 1 88- 
01 33- 


STEP  KEY 


0200—  PUT 

0201—  DM 

0202—  PUT 

0203 — DM 

0204—  PUT 

0205—  PNT 

0206—  FMT 

0207—  KMT 

0208— -  E 
.0203—  M 

0210—  XTO 

02 1 1 - -  . 

0212—  CHS 

0213—  CUT 

02 1 4— -  I 

0215—  H 

0216—  CUT 

0217—  YE 

0218—  CMT 
0213--  I 

0220— -  F 

0221—  CMT 

0222—  M 

0223— -  0 

0224—  M 

0225—  ft 

0226 —  XTO 

0227— -  a 
0223—  I 
0223—  YE 

0230—  CUT 

0231—  C 

0232—  ft 

0233—  L 

0234—  C 

0235—  . 

0236—  ft 

0237—  a 
0233—  E 


0250  — 

0251  — 
0252 — 
0253  — 

0254 — 

0255— 

0256— 

0257— 
0253  — 

.0253- 
0260  — 
0261  — 
C262— 

0263- 

0264- 

0265- 

0266- 
0267- 
0263- 
0263- 

■027O- 

0271- 

02-72- 

0273- 

0274- 
8275- 

0276- 

0277- 
0273- 
0273- 

0280- 

0281- 
0282- 

0283- 

0284- 

0285- 

0286- 

0287- 

0288- 
0283- 

“0230- 

0231- 

0232- 

0233- 

0234- 

0235- 

0236- 

0237- 
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3.2.7  SAMPLE  INPUT /OUTPUT  PRINT 


The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solu- 
tion. The  left  column  shows  input  and  output  printouts  without  the  matrix  solution. 
The  center  and  right  columns  show,  for  the  same  starting  input  figures,  the  first 
few  and  last  few  of  the  matrix  solutions  called  for  by  the  initial  definitions  of 
matrix  size.  Am,  NAm,  etc. 


PROG. #76. 002 
TRIM, GEM. BALLOON 
MIND-0 

45000.00 
1000.00 
5000. 00 
2568.41 


PROG. #76. 002 
TRIM. GEM. BALLOON 
UIHB=0 

45OO0.OO 
1 000 . 00 
5000. 00 
2568.4-1 


26.60 

-31.90 

55.00* 

-3.00 

3O.0O* 

0.20 


26.60 
-31.90 
55. 00* 
-3.00 
30.00* 
0.20 


28.40 
28.98 
3.40 
32.  10 


28.40 
28.90 
3.40 
32.  10 


EHT.if  IH  X IF  HO 
MATRIX  CALC. ARE 
DESIRED 
TRIM  ANGLE 

20.  17 


EHT.ir  IH  X IF  HO 
MATRIX  CALC. ARE 
DESIRED 

5.00 

2.00 

38.40 
1.00* 
2.00 

30 . 90 
7.50* 
2.00 

18.40 
0,25* 
2 . 00 

32.60 


28.40 

28.90 

3.40 

32.  10 
20.  17 

33.  40 
28.90 

3.40 
32.  10 
24 . 73 


38.40 

23.90 
3.40 

32. 10 
28.99 

28.40 

29.90 
3.40 

32.  10 
20.52 


33.40 
29.90 

3.40 
32.  10 
25.  15 

38.40 

29.90 
3.40 

32.  10 
29.45 

28.40 

30.90 
3.40 

32.  10 

20.8S 


33.40 
30.90 
18.  40 
32.60 
-14.70 


38.40 
30.  90 

18.40 
32.60 
-9.52 

MATRIX  COMPLETE 
PROG. #76. 002 
TRIM, GEM. BALI 0O» 
WIHD=0 
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3.3  Program  No.  76.003  - General  Tethered  Ballocn,  Trim, 

Variable  Altitude  and  Wind 

3.3.1  GENERAL  DESCRIPTION 

The  trim  of  a tethered  balloon  is  associated  with  the  magnitude  of  several 
types  of  forces  and  their  effective  points  of  application  relative  to  the  point  to  which 
the  tether-line  is  attached.  This  point  of  tether-line  attachment  is  called  the  con- 
fluence-point due  to  its  being  the  confluence  of  a number  of  smaller  flying-lines 
leading  to  attaching  points  along  the  balloon's  skin. 

The  forces  acting  on  a tethered  balloon,  (Figure  in  Section  3.  3.  2)  are  the 
gross  lift,  the  weight  of  the  balloon  and  its  hardware,  and  those  aerodynamic  forces 
and  moments  generated  by  the  action  of  the  wind.  Since  trim  in  the  vertical  sense 
is  of  principal  interest  in  loading  or  in  early  design  of  a tethered  system,  the  lift, 
drag,  and  pitching-moment  were  the  only  aerodynamic  parameters  considered. 

In  Section  3. 3.  2,  the  derivation  of  an  equation  adaptable  to  use  in  a simple 
computer  is  shown.  It  essentially  states  that  the  net  rotational  moment  about  the 
confluence-point  must  be  zero.  Program  76. 002  is  for  the  condition  of  a single  alti- 
tude where  the  wind  is  zero  and  therefore  considers  only  the  lift  due  to  helium 
buoyancy  and  the  weight  of  the  balloon.  Program  76.  003  considers  all  parameters, 
including  a zero-wind  input,  and  in  addition  permits  application  of  any  extra  masses 
at  any  location  on  the  balloon.  It  calculates  the  gross -lift  at  any  maximum  altitude 
selected  assuming  that  the  balloon  is  completely  filled  with  helium.  At  increment- 
ally  decreasing  altitudes,  this  lift  remains  constant.  Since  a wind-profile  from  the 
maximum  altitude  to  the  surface  altitude,  is  part  of  the  user  entries,  the  aero- 
dynamic parameters  vary  with  the  wind  magnitude  and  atmospheric  density. 

Unlike  Program  Nos.  76.  004  and  76,  005,  the  parameters  completely  defining 
the  aerodynamics  and  the  possible  movement  of  the  centers  of  buoyancy  or  gravity 
with  trim-angle  or  ballonet  condition  of  most  balloon  designs  are  not  completely 
known.  Accordingly,  all  defining  parameters  are  left  as  user  inputs  and  the  refer- 
ence centers  left  fixed  for  all  flight  conditions.  For  example,  a fixed  aerodynamic- 
reference- center  for  application  of  a pitching-moment  coefficient  is  utilized  here 
(In  76. 004  and  5,  the  more  convenient  concept  of  a variable  center-of-pressure 
eliminating  pitching-moment  was  possible. ) 

The  ballonet  fullness,  which  depends  on  relationships  between  maximum  and 
surface  altitudes,  was  not  needed  or  considered  here.  Use  of  Program  No.  76.001 
is  recommended  to  first  check  that  the  capacity  of  the  balloon's  ballonet  is  not 
exceeded  by  any  proposed  altitude  excursion. 
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3.  3.  2 DEVELOPMENT  OF  PROGRAM  AND  EQUATIONS 

This  case  is  concerned  with  any  tethered  balloon  at  any  altitude  or  wind  con- 
dition. Knowledge  of  aerodynamic  coefficients,  C^-C^-C^,  are  Presumec** 

A.  The  object  of  the  program  is  to  determine  the  trim  conditions  of  the 
balloon  and  the  total  force  and  its  angle  which  must  be  resisted  by  the  tether-cable. 
The  tether  cable  is  connected  to  the  system  at  the  confluence- point  of  the  multiple 
flying-lines  attached  to  the  balloon's  skin.  Hence  at  trim: 

T Moments  at  Confluence  Point  = 0 


Positive  Moments  are  Clockwise 

(1)  0 = mWN  + nWA  - t Ln  - uLa  - rN  + sA  + M 
Resolve  Aero  & D into  N and  A by: 

cos  n and  ^ 

i b . d 

sin  a = and  ^ 

A 


N»0+d 
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« xy , 


a = L A cos  a N = LA  cos  a + D sin  a 

b = La  sin  a A = D cos  a - LA  sin  a 

c = D cos  a 
d = D sin  a 

(2)  0 = mWN  + nWA  - tLfi  - uL&  - rLA  cos  a - rD  sin  a + sD  cos  a 

- sLa  sin  a + M 

La  = Lg  sin  a WA  = W sin  a 

LR  = Lq  cos  a = W cos  a 

(3)  0 = mW  cos  a + nW  sin  a - tLQ  cos  a - uLQ  sin  a - rLA  cos  a - rD  sin  a 

+ sD  cos  a - sLa  sin  a + M 

(4)  0 = mW  + nW  tan  a - tLG  - uLq  tan  a - rL A - rD  tan  a + sD 


- sLa  tan  a + M/cos  a 

(5)  0 = mW  - tLG  + tan  a (nW  - uLq)  - rLA  - rD  tan  a + sD 

- sLa  tan  a + M/cos  a 

Let  a = dCL/da,  CL  = 0,  then:  LA  = aaq  Vg2^3 
b = CD  and  c = dCp/da2 

then:  CD  = b + cot2  and:  D = <b  + ca2)  q Vg2/3 

(6)  0 = mW  - tLG  + tan  a (nW  - uLQ)  - ra  a q VB2/3  - r(b  + ca2)  q VB2/3  ta 


+ s(b  + ca2)  q Vb2/3  - sa  « q VB2/3 
Let  K = q VB2/3 


tan  » + 


cos  a 


(7)  0 = mW  - tLG  + tan  a (nW  - uLq)  - K [ra  a + r (b  + ca  ) tan  a 


2 CM  c K 

- s(b  + ca  ) + sa  a tan  a]  + M 


cos  a 


(8)  0 = mW  - tLG  + tan  a (nW  - uLG>  - K [ra  a - sb  - sc  a2 

2 ® ^ 

+ tan  a (sa  a + rb  + rca  )]  + c03  a 

To  allow  for  adding  extra  loads  (equipment,  counter-weights,  etc. ) at  any 
position  on  the  balloon,  consider  the  following  two  weights: 

M1#  Moment  about  Conf  Point  = WN1(Xj  - XCP)  + WA1(yj  - yCP) 

Mx  = Wx  cos  a (Xj  - xCP)  + Wj  sin  a (yx  - yCP) 

M2  = W2  cos  a (x2  - xCP)  + W2  sin  a (y?  - yCP) 


vM  extra  = Mj  + Mg 

™I*r*  = W1  <X1  - xCP> + w2  (x2  ■ xCP>  + tan » iwi  <*i  - yCP) 

+ W2  (y2  - yCP)] 

O)  = EW  (x  - xCP)  + tan  n EW  (y  - yCP) 

cub  ry  e 6 

Letting  L = LQ  for  clarity  and  adding  the  provision  for  extra  weights, 

Eq.  (8)  expands  to 

(10)  0 = mW  - tL  + tan  n (nW  - uL)  (Meeh.  Mom. ) 

2 2 
- K(ra  Of  - sb  - sea  + tan  a (sa  a + rb  + rca  )]  ) 

Cjyj  c K i (Aero  Mom. ) 

+ cos  a ' 

+ cos  apcW  (x  - xCP)  + tan  a yW  (y  - yCP)]  (Extras  Mom. ) 

0 0 

B.  After  solving  Eq.  (10)  forn^r.m,  the  coefficients  C^,  CD#  C^,  as  well  as 
L^,  D,  Mq,  can  be  calculated. 

Then  solution  for  the  total  force  and  its  angle  at  the  confluence  point  are  known. 


AERO-La 
GROSS -LG 

■ ■ — DRAG , D 

BALLOON -W 
EXTRAS-W, 


NET  LIFT 


FT»  TOTAL 
RESULTANT 
FORCE 


0«  ANGLE  ABOVE  HORIZON 
D 
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c. 


A 2 


constant  form  for  density  ratio  is  utilized  in  this  and  other  programs. 
In  p/pQ 


where 

a1  = -1.7772"10 

a = -2. 8136 1 ~ 5 
o 


D.  Dimensions  m,  n,  r,  s,  t and  u are  calculated  by  program  after  user 
entries  of 


XCG 

XCB 


and  y^ 
and  yCG 
and  Ycb 


XARC 


- Confluence  Point 

- Center  Gravity 

- Center  of  Buoyancy 

- Aero  Ref.  Center  assumed) 


E.  Aerocynamic  coefficients  in  this  general  program  are  handled  as  inputs 
also.  However,  options  at  the  end  of  program  allow  repeated  passes  without  re- 
entry of  these  coefficients,  balloon  dimensions,  or  other  parameters. 


dCL  _ 
~3Jx 


a in  Moment  Equation  - Slope  of  the  lift  coefficient  curve 

where  C = 0 at  a = 0 

Li 

b in  Moment  Equation  - Drag  coefficient  at  a = 0 

c in  Moment  Equation  - Second  constant  in  drag  coefficient 

2 

form  Cn  *f  — ^ a 
U d a 


Pitching  Moment  Coefficient,  C^,  was  found,  with  at  leas*  one  balloon  to  have 
a variation  with  a that  could  be  defined  by  a series  of  straight  lines. 
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This  requires  entries  (up  to  a maximum  of  7 sets  of  entries)  of  significant 
points  in  the  following  manner  which  are  stored  and  retrieved  by  use  of  region 
number  codes.  dC^/da  values  of  each  region  are  computed  and  stored  at  time  of 
entry.  Subscript  B used  here  to  indicate  base  value  of  a region,  that  is,  the  values 
at  point  number  1 are  the  base  values  for  the  region  between  points  1 and  2. 


Register 


(Z) 

(Y) 

(X) 

Point 

No. 

aB 

CMB 

Entry  1 

Entry  2 

Entry  3 

Entry  4 

Entry  5 

Entry  6 

Entry  7 


To  calculate;  CM  = CM  +-35-  («  - 

B 


3.3.3  FLOWCHART 


STOP  1: 


Proer.  No.  Title 

p,  Sp.  Lift,  Knots/fps  Consts. 

USER  ENTRIES 

(x)  (y)  (z) 


a = dCT  /<h 

c = dCD/dnr 

C TABLE 
rn 


STOP  2:  mMAX  ’ 

MMAX  = No‘  of  ®“Cm  Polnta 
STOP  3:  CM  « Pt.  No. 

Repeat  STOP  3 Until 
Pt  No.  * Mmax 
Calc.  dC«.  C..  -C.. 


" '."‘MAX 

Calc.  dC,.  C. 


UVjM  . M 

~3a“  aT7 


[M+1  MM 

i.  - a.. 


ALTITUDES 

STOP  10:  AZ  Za  ZMAX 

WIND  PROFILE 

STOP  11:  W knots  Z Pt  No.  = P 


Js  Z > Z„ 


Flct.Z  « Z8  - 2 


start  a = 2 ->  a 
Aa  Trigger  Setup 
N = 0 -*  002 
P=  1 -*b 


p/po-lnp/po/Z*ao+a.Z  — • 

P = P/P0  X P0 

Sp.  Lift  = Sp.  Lift  at  SL  < pip 


PHYSICAL  BALLOON 
STOP  4:  c Wt 


STOP  5: 

STOP  6: 

m = XCG  ' xC 

" = ycg-  yc 

STOP  7:  J 


c "ig 

XCP  yCP 
XCG  YCG 


XARC  YARC 


r = XARC  *X 


STOP  8: 

‘*XCB-XC 

u = ycb- yC 


*CB  YCB 


No  ^^0717 
C Is  N > 0 


Lg  = Sp.  Lift  at  ZMAX  X VB 

I 0730 

Locate  Wind  Zone  and  Calc.  Wind. 
Starting  P * 1.  Obtain  Zp  + j 
from  2 (P+  1)  + 79  IND.  ADDRESS 

No  748"\^^  Yes 

r "~<C[rs  z > Zp  + i/"  i 

0764 


0366 
Is  R > 1 


P=  P+  1 


J 0371 

EXTRA  WEIGHT  MESSAGE' 
STOP  9:  ir 

If  No  Extras 

STOP  9:  Xj  Yj  Wj 

For  each  Extra  Weight 
STOP  9:  * 

When  entries  Completed 


AZp  = Zp -ZpH 
AWp=  Wpu-Wp 

dW  , AWP 

HZ'  " 

AZ  **  Zp  - Z 
AWo  = AZo  - 
Wind  * Wp  + AWo 
(fps) 

PRINT  Z and  Wind  (Knots) 
q » 1 / 2 p VZ(PRINT) 

K • «v|« 


N'  = N + 1 

Reset  a TRIG.  Constants 


Balloon  Repeater 

Prints:  Vol. . Wt,  Hull  Length 


/ 1561 
Js  Z = Z_ 


Yes  X 1778 
is  r = 4 


Z'  = Z-  AZ 


Clear  Extras 
Storage  Registers 
Go  to  0371 


Is  Z'>Z„ 


I 1797  _ 

Extras  Repeater 
Prints:  Sum  of  Extra  Weights 


PROBLEM  SOLVED  MESSAGE 
DIRECTIONS  FOR  NEXT 
PASS.  ENTER  IN  X AT  STOP  12 

1 - TO  START  COMPLETELY 

NEW  PROBLEM 

2 - TO  CHANGE  ONLY  BALLOON 

SIZE  OR  DIMENSIONS  OR 
CONF.  POINT,  Cfc,  ARC,  Cr 
LOCATIONS. 

3 - TO  CHANGE  ONLY  "EXTRAS" 

GROUP. 

4 - TO  CHANGE  ONLY  ALT.  - 

WINDS: 

N No.=  0 •»  002 

ZMAX  •*  01P 
P No.=  1 -*  b 
a ?_2-*b 

STOP  12:  1.2,3,  or  4 
R No.  •»  030 


1735  | 

Clear  all  registers  0000  ( 
Go  to  0000  ' 


Is  R = 2, 


Js  R = 4^ 


Altitude-Wind  Repeater 
Prints:  ZMAX 

ZSURF 

AZ 


ZMAXj 

WINDj 


(P2  = Pj  + 1) 
«Zflct.  ' Zs  * 2> 


^1921 
Is  Z = Z, 


TRIM  ANGLE  = . 2 and  -*  0 
Start  over  anew  at  Stop  1 
Go  to  1735 


Note:  In  flow  chart,  N is  altitude  point  counter,  P is  wind  profile  point  number 
and  is  repeater  code  for  starling  new  problem. 


ii.i-'-t  - I UJ,J  H-UlUil  ' W.U 


3.3.4  OPERATING  INSTRUCTIONS 


KEY  STROKES 

RUN 

END 

FIX,  2,3, 

CONT 

Stop  1-1-1,  Enter: 
CONT 


Stop  2-2-2,  Enter: 
CONT 

Stop  3-3-,  Enter: 
CONT 


Stop  4-4-4,  Enter: 
CONT 


Stop  5-5-5,  Enter: 
CONT 


Stop  6-6-5,  Enter: 
CONT 


Stop  7-7-7,  Enter: 
CONT 


ENTRIES  PRINTS 


(X) 


(Y) 


b = C 


Do 


M = No.  of 
CM  Pts 


JM 


a 


W 


B 


XCP  YCP 


XCG  YCG 


XARC  YARC 


(Z) 


a = 


dCL 

-XoT 


(No.  of  desired 
decimal  places) 

Program  No.  and 
Title 


a 

b 

c 


V 


B 


CM  Table 


Pt.  No. 
(start  #1) 


Pt.  No. 

n 

C 

M 


Repeats 
until  all 
points  en- 
tered at 
succ.  Stops 
No.  3 


Balloon  Volume 
CF 

Balloon  Volume 
lb 

c.  Length,  Hull,  ft 


B* 

W. 


B' 


XCP.  Confl.  Point 

X,  ft 

PP 

Y , ConH.  Point 

Y,  ft 


Xrr,  Center  of 

gravity  X,  ft 
Yrr,  Center  of 

gravity  Y,  ft 

m,  ft 

n,  ft 


XARC' 

YARC' 

r,  ft 

s,  ft 


ft 

ft 
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Stop  8-8-8, 
CONT 


Stop  9-9-9, 
Stop  9-9-9, 
Stop  9-9-9, 
CONT 

Stop  10-10- 
CONT 

Stop  11-11- 
CONT 


Enter:  XCB  YCB 


XrR,  Center  of 

Buoyancy  X, 
ft 

YrR,  Center  of 

Buoyancy  Y, 
ft 

t,  ft 

u,  ft 

Directions  for  "Extra" 
weights; 

Ent,  11  in  X if  none. 

Ent.  Wt.  in  Z,  y in  Y, 
x in  X. 

Ent.  n in  X when 
entries  made  com- 
plete 

Enter:  n - - 

(If  no  Extras") 

Enter:  Xx  Y1  W. 

(For  each  "extra"  weight) 

Enter:  ir 

(After  all  weights  entered) 

W.  For  each 

x extra  if 

A 1 any  are 

Y j entered 

ALTITUDES 

10.  Enter:  AZ  Zg  ZMAX 

ZMAX 

Zmax'  ft  MSL 
Zg,  ft,  MSL 

AZ,  ft 

WIND  PROFILE 

11,  Enter:  Wind  Z Pt.  No. 

(Start 
No.  1) 

Pt,  No.  Z,  1st  point 
Alt.  Ft  must  be 
Wind,  Knots  Z max. 

Repeats 
for  each 
point 
entereu 
until  last 
point  must 
be  Zs. 
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Program  now  takes  over  and  computes  and  prints  following  group  of  parameters 
starting  at  Z = Zmax>  then  at  decreasing  altitudes  Z = Zj^  - AZ,  Z = Z^  - 2 AZ, 
etc.  to  and  including  Z = Zg.  Values  of  parameters  appear  on  tape  on  next  line 
below  the  word. 

ALT.  ft 

WIND.  Knots 

DYN.  PRES,  lb/ft2 

MECH.  MOM.,  ft-lb 

AERO  MOM. , ft-lb 

EXTRAS  MOM.  ft-lb 

SUM  OF  MOM. , 
ft-lbs,  ( — 0) 

Trim  Angle  Atck. 

CL 

AERO  LIFT,  La,  lb 
CD 

DRAG,  D,  lb 
CM 

AERO  P.  MOM. 

(about  the  ARC) 

GROSS  BUOYANT 
LIFT,  Lq,  lb 

TOTAL  LIFT, 

L = Lq  + L^,  lb 

SUM  "EXTRA"  WTS, 

we,  lb 

TOT.  WEIGHT, 

W = wB  + Wg,  lb 

NET  LIFT, 

L = L - W,  lb 

TOTAL  FORCE 
Ft,  lb 

ANGLE  TO  HORIZON, 
B,  deg 

After  Z = Zg  condition  is  printed: 

Prob.  Solved 
J.  B.W.  76.003 
Enter  in  X 

1.  To  Start  Anew 

2.  To  Change  Bain. 
Dim. 

3.  To  Change  Extras 

4.  To  Change  Alts 
and  Wind  Profile 
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1,2,3,  or  4 


Stop  12  Enter: 
CONT 
If  Entry  is: 


1 

2 

3 

4 

Goes  to  Start. 

PNTS:  Physical 

PNTS:  Vol,  Wt. 

PNTS:  Vol, 

Reprints  Title. 

Bain.  Stops  4,  5, 

Length  Hull  extra 

Wt,  Length 

User  Reenters. 

6,  7,  8 repeated 

wt  message  Stops 

hull,  sum 

Complete  Input. 

for  reentry.  Then 

9 repeated  for 

of  extra 

auto  pnts.  Sum  of 

reentry  then  auto 

wts,  alts. 

extra  wts,  alts. 

pnts  alts,  max. 

max,  surf. 

max.  surf,  A , 

surf,  A»  wind 

A,  wind 

wind  profile. 

profile.  Con- 

profile. 

Continues  into 

tinues  into 

Continues 

computations. 

computations. 

into  com- 
putations. 
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3.3.5.  SAMPLE  INPUT  DATA  FORM 


,NPtn*  71.002*  7 4. 003.  71.004,  and  74.005 

74. 003.  74.004,  74.005 
EXTRA  WE1CHT  TABLE 

74.003  and  74.003 
WIND  PROFILE* 

Balloon  Volume 

V8 

cu  ft 

wi 

lb 

No.  1 

1 

Ballonet  Volum* 

y 

cu  ft 

z, 

ft 

*u  JL 

Balloon  Wtl«ht 

WB 

lt> 

•V 

ft 

Wind,  knot* 

Hull  Len*th 

c 

ft 

wi 

No.  2 

2 

Location  of 
Confluence  Pt. 

VCP 

ft 

Y1 

*» 

xcp 

ft 

*1 

Wlnd2 

Location  of  Center 
of  Crarlty 

Ycc 

n 

W1 

NO.  3 

3 

XCG 

ft 

V> 

zt 

Location  of  Center 
of  Buoyancy 

vco 

ft 

*, 

XCB 

ft 

No.  4 

4 

Location  of  Aero 
Reference  Center 

yarc 

ft 

zt 

x*™ 

ft 

*. 

Wlr»d4 

Altitude,  Mae 

*» 

n 

WS 

e 

No.  5 

5 

Altitude,  Surf 

Zj 

ft 

VJ 

zs 

Increment  of  Alt 

AZ 

n 

*» 

ttlndj 

dC^/da 

a 

»# 

No.  4 

4 

C»o 

b 

Y. 

z. 

dC0A»J 

e 

Xt 

ttlrvfj 

CX|TABL».* 

"j 

No.  7 

7 

NO.  1 

1 

Yt 

z, 

"i 

0 

*e« 

*7 

Wind  j 

CMI 

»■» 

No.  4 

1 

NO.  2 

2 

z. 

dec 

*» 

Uindg 

fMl 

w» 

No,  * 

* 

NO.  1 

i 

v. 

aj 

dec 

*. 

\t.nd9 

CM3 

AI0 

No.  10 

10 

NO.  4 

4 

'•» 

Z|0 

dec 

xl« 

ttlrH,,, 

CM4 

"l! 

Vo.  11 

11 

'°-  - 

'll 

z„ 

rtt 

i*c 

'll 

Wm-lj, 

cji» 

«I1 

No.  12 

12 

NO.  4 

c 

'll 

Z|J 

"« 

fe< 

'|2 

V\»nJ|2 

rtw 

"it 

NO.  It 

It 

\o. : 

7 

'll 

z„ 

<?. 

W 

'it 

-""'it 

CM7 

<£  See  Note  U.005 

<2  Ret  4 for  74.007  am  !4,0Ot 

'S'  It et  I for  71.007  net* 

• A «r  of  Inn  D«i*ti  r ««l 

beuirj,  ama«lr-v>-  *enen 
potM*  mar  be  uief.  pet** 

muat  be  for  0* 

In  marker  eitra 
aeifMi  '‘*»  ke  s»M. 
One  entry  • tie 
I'lUfj*#''1  lv«n»  wi 
PivIm  f.  I#  t»-e»e  are  at 
C 'r*l  jer.-e  fHirt  r-a«e 

t->op 
N • \*  '■ 

' * l«l*  J-  rtf  2 

r a*t  be  «#•!  anf 
~*yir  v*  of  It  r- 
J*ef,  |ir«tn<M| 
? V\\  a*  1 Ian  " u 
Ml  ’ r 

one  \ al'i#  ,t' « ip  f. 

**tM* 

» be 
be 
at  be 
p-iu»re* 
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3.  3.  6 PROGRAM  76.  003  - TRIM,  GENERAL  BALLOON 


STEP  KEY  STEP  KEY  STEP  KEY 


OOQ0  — CI.R  I 0030 — 8 I UlUU — XTO 


STEP  KEY 


STEP  KEY 
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STEP  KEY 

0600 —  PUT 

0601 —  RUP 

0602 —  YTO 

0603 — 3 

0604—  1 

0605—  PUT 

0606—  PUT 

0607—  KEY 

0608—  2 

0609 —  RUP 

0610—  X 

0611—  8 
0612—  0 

0613—  + 

0614—  YTO 

0615—  0 

0616—  XFR 

0617 — 3 

0618—  2 
0619— RUP 

"0620—  X ' 
0621—  1 

0622—  YTO 

0623—  IHD 

0624—  O’ 

0625—  XTO 

0626— -  - 

0627—  0 

0628 —  XFR 

0629— -  3 

0630—  1 ' 

0631—  KTO 

0632—  IHD 

0633 — 0 

0634—  UP 

0635 —  XFR 

0636 — 1 

0637— 1 

0638—  ;;<v 

0639— -  0 

0640 — 5 

0641—  9 

0642—  2 

0643— -  2 

0644—  XTG 

0645—  + 

0646—  0 

0647 

0648—  YTO 

0649- - 1 HP 


0650- 

0651- 

0652- 

0653- 

0654- 

0655- 

0656- 

0657- 

0658- 

0659- 
"0660- 

0661- 

0662- 

0663- 

0664- 

0665- 

0666- 

0667- 

0668- 

0669- 

"0670- 

0671- 

0672- 

0673- 

0674- 

0675- 

0676- 

0677- 

0678- 

0679- 
“O680- 

063 1 - 

0682- 

0683- 

0684- 

0685- 

0686- 

0687- 

0688- 
0689- 

-0690- 

0691- 

0692- 

0693- 
0 694- 

0695- 

0696- 

0697- 

0698- 

0699- 


KEY 

STEP  KEY 

STEP 

- 0 

0700—  UP 

0750 

-XTO 

0701-  ::fr 

0751 

- a 

0702—  3 ■ 

0752 

STEP  KEY  STEP  KEY 


0703— 
07O4  — 
0705— 

0706  — 

0707  — 

0708— 

0709— 
"O710— 

0711- 

0712- 

0713- 

0714- 

0715- 

0716- 

0717- 

0718- 

0719- 
"0720- 

0721- 

0722- 

0723- 

0724- 

0725- 

0726- 

0727- 

0728- 

0729- 
"O730- 

0731- 

0732- 

0733- 

0734- 

0735- 

0736- 

0737- 

0738- 

0739- 
"0740- 

0741  - 

0742- 

0743- 

0744- 

0745- 

0746- 

0747- 

0748- 

0749- 


0753— 
0754  — 

0755— - 

0756— 

0757— 

0758— 

0759— 
"0760-- 

0761  — 
8762— 
0 7 63 — 
0764  — 
0765— 
0766  — 

0767— 

0768— 

0769— - 
■O770— 

0771  — 

0772— 

0773— 
0774  — 

0775- 

0776- 
8777- 

0778- 

0779- 
"O780- 

078 1 - 
0782- 

8 t 8 3 — 


0800- 

0801- 

0802- 

0803- 

0804- 

0805- 

0806- 

0807- 

0808- 
„0 SOS- 
OS tO- 
0311- 
08 12- 
OS  13- 
OS  14- 
08  IS- 
OS 16- 
OS  17- 
08  IS- 
OS 19- 

”0820- 

0821- 

0822- 

'0823- 

0824- 

0825- 

0826- 

0827- 

0828- 

0829- 

-0830- 

0831- 


0350— 
0851  — 

0352 — 

0353— 
0854  — 
0855— 
0856  — 
0857- 
OS  5 8 — — 

.0859— 
0860— 
0861  — 
0862— 
0863— 
0864  — 
0865- 
OS  66 — 
0867  — 
0363  — 
0869  — 
”0870  — 
0871  — 

0872— 

0873— 

0874— 
0075- 
0876- 
08  77- 

0878- 

0879- 
"0880- 

0831- 


0784—  2 

0834—  1 

0884  — YTO 

0785--XT0 

0835 

0 885--  • 

0786--  + 

0836—  DH 

0836— FMT 

0787 — 0 

0837— FMT 

0887  — PUT 

0788— ::fr 

0838— Fill 

0888— XFR 

0789— IHD 

0839—  H 

0339—  2 

“0790--  0 “ 

-0840—  E 

-0890 — 5 

0791— XEY 

0841—  1 

0891—  UP 

0792 

0842--  G 

0392—  1 

0793—  DM 

0843—  II 

0393 

0794—  XEY 

034 4- -XT 9 

0894"—  3 

0895—  X 
f'896—.  5 
0897  - 7 
1.893  •-  + 
0899- -YU 


60 


STEP  KEY 


KEY 

STEP 

KEY 

•.  o 

1800 

—FMT 

- T 

1301 

— C 

- + 

1302 

— L 

-FMT 

1303 

—FMT 

-FMT 

1304 

— UP 

- F. 

1305 

— XSQ 

- YE 

1306 

— XEY 

-XTO 

1307 

— UP 

- a 

1308 

—XFR 

- R _ 

_1309 

--  5 . 

-YTO 

1310 

- — 5 

-CUT 

1311 

— X 

- M 

1312 

— DU 

- 0 

1313 

—PUT 

- M 

1314 

— UP 

• 

1315 

— XFR 

-FMT 

1316 

— 1 

-PUT 

1317 

— 6 

- DU 

1318 

— X 

-FMT 

1319 

—XEY 

-FMT- 

“1320 

— FMT' 

-YTO 

1321 

—FMT 

-1/X 

1322 

— fi 

- H 

1323 

— E 

-CUT 

1324 

— ft 

- 0 

1325 

— O 

- F 

1326 

—CUT 

-CUT 

1327 

— L 

- 11 

1328 

— 1 

- 0 

1329 

p 

- M - 

“1330 

i— XTO' 

**  • 

1331 

—FMT 

-FMT 

1332 

—PUT 

-PUT 

1333 

XTO 

- a 

1334 

— 2 

-FMT 

1335 

2 

-FMT 

1336 

— XFR 

-XTO 

1337 

5 

- 0. 

| 1338—  7 

- I 

| 1339 — RUP 

- M - 

f- 1 340 — X ' 

-CUT 

1341 

—XFR 

- fi 

1342—  5 

- 11 

1343—  6 

- G 

1344——  + 

- L 

1345--  DU 

- E 

1-346 

>—  X 

FMT 

1347— FMT 

- pu  r 

1348— FI1T 

-FMT- 

* 34  9-  - C 

STEP  KEY 


STEP 


KEY 


STEP  KEY 


1200-- 

1201-- 

1202- 

1203— 

1204— 

1205— - 

1206 — 
120?-- 
120S- 
1203- 
‘1210- 
1211- 
1212- 

1213- 

1214- 

1215- 

1216- 

1217- 

1218- 
1219- 

'1220- 

1221- 

1222- 

1223- 

1224- 

1225- 
122-6- 

1227- 

1228- 
1229- 

'1230- 

1231- 

1232- 

1233- 

1234- 

1235- 

1236- 

1237- 

1238- 

1239- 
-1240- 

1241- 

1242- 

1243- 

1244- 

1245- 

1246- 

1247- 

1248- 

1249- 


+ 

YTO 

a 

• 

2 

X>  Y 
1 
g 

3 

4 

PSE' 

GTO 

8 

8 

8 

FMT 

FMT 

M 

E 

C 

H ' 
• 

M 

0 

M 

FMT 

XFR 

2 

8 

PUT' 

UP 

XFR 

1 

9 

+ 

FMT 

FMT 

fi 

E 

Cl 

- 0 
-CUT 

- M 

- O 

- H 

-FMT 

-PUT 

-XFR 


12*»ft— 
1251  — 

1252- 

1253- 

1254- 

1255- 

1256- 

1257- 
1253- 
.1259- 
1260- 
1261- 
1262- 

1 263- 

1264- 

1265- 

1266- 

1267- 

1268- 
1269- 

'1270- 
1271- 
1.272- 

1273- 

1274- 

1275- 

1276- 

1277- 

1278- 

1279- 
■1280- 

1281- 
1282- 
1283- 

1234- 

1285- 

1286- 

1287- 

1288- 
1289— 

■1290- 

1291- 

1292- 

1293- 

1294- 

1235- 
1296- 
.1297- 

1298- 

1299- 


1350  — 

1351  — 

1352 - 

1353 - 

1354- 

1355- 

1356- 

1357- 

1358- 

1359- 
136  - 

1361- 

1362- 

1363- 

1364- 

1365- 

1366- 

1367- 
1363- 
1369- 

"1370- 

1371- 

1372- 

1373- 

1374- 

1375- 

1376- 

1377- 

1378- 

1379- 
'1380- 

1381- 

1382- 

1383- 

1384- 

1385- 

1386- 

1387- 

1388- 

1389- 
- 1 390- 

1391- 

1392- 

1393- 

1394- 

1395- 

1396- 

1397- 
139S- 
1399- 


D 

FMT 

PUT 

I'U 

FMT 

FMT 

D 

a 

R 

FMT" 

PUT 

XTO 

2 

3 

XFR 

p 

X 

XFR 

1 

7 ' 
X 

FMT 

FMT 

C 

M 

FMT 

PUT 

DU 

FMT 

FMT' 

fi 

E 

a 

0 

CUT 

if 

• 

M 

0 

M ' 
FMT 
-PUT 
-XFR 
- 1 

- 4 
-FtlT 
-FMT 

- G 

- a 


.1400- 

1401- 

1402- 

1403- 

1404- 
14C5- 

1406- 

1407- 

1408- 

1409- 

1410- 

1411- 

1412- 
14  13- 

1414- 

1415- 

1416- 

1417- 

1418- 

1419- 

1420- 

1421- 

1422- 

1423- 

1424- 


ij 

YTO 

YTO 

CUT 

L 

I 

F 

XTO 

FMT 

PUT 

UP 

XFR 


- DU 
-FMT 
-FMT 
-XTO 

- O 
-XTO 


L 

I 

F 


1450- 

1451- 

1452- 

1453- 

1454- 

1455- 

1456- 

1457- 
1453- 

1459- 

1460- 

1461- 

1462- 

1463- 

1464- 
1 46  - 

1466- 

1467- 

1468- 

1469- 

1470- 

1471- 

1472- 

1473- 

1474- 


RIT 

PUT 

+ 

DU 

FI1T 

FMT 

XTO 

0 

XTO 

iud‘ 

E 

1 
G 
H 

XTO 

FMT 

PUT 

XFR 

2 ■ 
3 

XEV 

FMT 

FMT 


1425- 

-XTO 

1475- 

- U 

1426- 

-FMT 

1476- 

- E 

1427- 

-PUT 

1477- 

-XTO 

1428- 

- UP 

1473- 

-CUT 

1429- 

-XFR 

1479- 

- L _ 

1430- 

- 1 

1 4 y 0 " 

- I 

1431- 

- UP 

1481- 

- F 

1432- 

-XFR 

1482- 

-XTO 

1433- 

- 5 

1433- 

-FMT 

1434- 

- 0 

1484- 

-PUT 

1435- 

-FMT 

1485- 

-XEY 

1436- 

-FMT 

1436- 

- fi 

1437- 

-YTO 

1437- 

-FtlT 

1438- 

-1/X 

1488- 

-FMT 

1439- 

- M 

1439- 

-XTO 

1440- 

-X>Y~ 

"1490- 

- 0 

1441- 

- E 

1491- 

-XTO 

1442- 

- YE 

1492- 

- h 

1443- 

-XTO 

1493- 

- i 

1444- 

- a 

1494- 

-CUT 

1445- 

- fi 

1495- 

- F 

1446- 

-X>  Y 

1 4 96- 

- 0 

1447- 

- 1 HD 

1497- 

- & 

1 4 4 8 - 

-XTO 

1498- 

- C 

1449- 

-YTO 

14  99- 

- E 
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STORAGE  REGISTERS 

STORAGE 

b Terite/P  C'ce-it  * 

i OL 

000  /tJD.  USA 

001  14//a 

002  MCoJnt 

003  7H 

004  n 

005  As 

006  A 

007  s& 

008  Ait 

009  C 

010  ZsMx/S/urt 

01 1 i?sv;v= 

012  AZ 

013  P 

014  Ur 

0.15 

016  k-Clrtf* 

017  Cm 

01 8 KS&tt/esoi. 

019  AetV.  Mom. 

020  Meek  Mom. 

021  &fiusMor». 

022  /*» 

023  T> 

024 

025  MaiaxCoVAST. 

026 

027 

028 

029  £blAL 

030  R-forvat 

031  Te.trtP. 

032  A6378 

033 

034  fo  SU/tf 

035  6 t'.Lrfc  s'fi. 

036  XCP  \Cenfl 

037  y£P)A/'ir 

Ace  Tricuter 


O' 

O' 

O' 

O' 

0 
0 
0 
0 
0 
0 

050 

051 

052 

053 

054 

055  1 0,-dCt.. 

056 


Hsgqsal 

wsbceA 


m 


057 

058 

059 

060  \ ad:-° 

061  \Cnt 

062 

063 

064  I Cm 

065 

066 

067  I C'M 

068 

069 

070 

071  W& 

072 

073  KW 

074 

075 

076 

077 

078 

079 


n i 
mm 

y&ma\ 


wmm 

hsin 

S^M 

HI 


092 

093 

094 

095 

096 

097 

098 

099 

100  I 


3.3.7  SAMPLE  INPUT /OUTPUT  PRINT 

The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solu- 
tion. 

The  balloon,  45,  000  CF,  was  assumed  to  have  an  aerodynamic  pitching-mom- 
ent variation  with  angle-of-attack  which  could  be  defined  with  only  3 points  (2  straight 
lines).  No  "Extra  Weights"  were  added.  A 3-point  wind  profile  from  the  max  alti- 
tude, 5500  ft,  to  the  surface,  4000,  was  also  part  of  the  input. 

Solutions  provided  trim  angle,  total  balloon  force  and  angle,  and  other  param- 
eters at  5500,  5000,  4500,  and  4000  ft.  Option  3 was  then  exercised  to  add  275  lb 
at  the  confluence  point  and  similar  solutions  then  followed.  Note  that  only  the  extra 
weight  and  its  location  had  to  be  entered;  the  other  format  inputs  were  printed  auto- 
matically. 
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PROG. #76. 003 
TRIM) GEM. BfiLLOQH 
C. 84900 
0. 10000 
0.00071 

CM  TABLE 

1.00008 

0.00000 

8.00000 

2. 00000 

6.00000 
0.01000 

3.00000 

14.00000 

0.00000 

PH.SICAL  BALM. 

450OO. 80 

1000.00 
83.70 
26.60 

-31.90 


EXTRA  UTS. 

EMT.ir  IH  X IF 
NOME 

ENT.UT.IN  2 
Y IN  Y)  X IN  X 
ENT.  it  IN  X AFTER 
ALL  UTS. ENTERED 
ALTS. 

5500 . 00 

4000.00 

500.00 

WIND  PROFILE 

1.00 

5500.00 
50.  OO 

2.00 

5000.00 

25.00 

3.00 

4000.00 

15.00 


CD 

0.11 

DRAG 

1043.34 

CM 

0.01 

AERO  P.MOM 

4354.76 
GROSS  LIFT 

2530. 17 

TOT. LIFT 

4059.80 
SUM "EXTRA  "UTS 

0.00 

TOT. UEIGHT 

1000.00 

NET  LIFT 

3059-.  80 
TOTAL  FORCE 

3232.79 

ANGLE  TO  HORIZON 
71..  17 


57.30* 

ALT 

5580.00 

-2.50 

30.70 

ALT 

29.40 

WEIGHT 

5000.00 

15OO.0O 

HEIGHT 

52.20* 

.UIND 

1000.08 

0.80 

50.00 

UIND 

25 . 60 

DYN. PRES. 

25.00 

31.90 

7.21 

DYN. PRES. 

MECH.MOM. 

1.83 

35. 10* 

6081 . 72 

MECH.MOM. 

0.30 

HERO  MOM. 

4967.41 

8.58 

-6025.60 

AERO  MOM. 

32.20 

EXTRAS  MOM. 

-4963.24 

0.00 

EXTRAS  MOM. 

SUM  OF  MOM. 

0.00 

56.  12 

SUM  OF  MOM. 

TRIM  ANGLE 

4.18 

3.42 

TRIM  ANGLE 

CL 

4.64 

0.17 

CL 

AERO  LIFT 

0 . 23 

1529.63 

AERO  LIFT 

526.66 

n 


! 


i 

i 


I 


( 
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ALT 

4000. 00 

HEIGHT 

0.00 

WIND 

15.00 

DYN. PRES. 

0.68 

MECH. 

MOM. 

3546.00 

HERO 

MOM. 

-3533.28 

EXTRAS  MOM. 

0.00 

SUM  OF  MOM. 

12. 7*2 

TRIM 

ANGLE 

6. 19 

CL 

0.30 

AERO 

LIFT 

260.57 

CD 

O.  13 

DRAG 

114.43 

CM 

0.01 

AERO 

F.  MOM 

701.98 
GROSS  LIFT 

2530. 17 

TOT. LIFT 

2790.74 
SUM" EXTRA" UTS 

0.00 

TOT. WEIGHT 

lOOO.OO 

MET  LIFT 

' 1790.74 

TOTAL  FORCE 

1794.39 

AMGLE  TO  HORIZON 
86.34 


PROP. SOLVED 
J.B.U.  76.003 


ENT. IN  X 

1 TO  START  ANEW 

2 TO  CHANGE  BALM 
DIM. 

3 TO  CHG. EXTRAS 

4 TO  CHG. ALTS. 

OR  WINDS 

3. 00* 


DVN.PRES. 

7.21 

HECH.HOM. 

60S  1.72 
AERO  MOM. 

-6025.60 
EXTRAS  MOM. 

0.00 

SUM  OF  MOM. 


VOL) WTiLMGT. HULL  56.12 


45000.00 

TRIM  ANGLE 

1000.00 

3.42 

83.70 

CL 

EXTRA 

WTS. 

0.17 

ENT.  if 

IN  X IF 

AERO  LIFT 

NONE 

1529.63 

ENT. WT 

. IN  2 

CD 

Y IN  Y 

) X IN  X 

0.11 

ENT.  tf 

IN  X AFTER 

DRAG 

ALL  WT 

S. ENTERED 

1043.34 

275.00 

CM 

26.60 

0.01 

-31.90 

AERO  P. MOM 

4354.76 

ALTS. ) 

MAX) SURF) 

GROSS  LIFT 

DELTA 

2530. 17 

5500.00 

TOT. LIFT 

4000.00 

4059.80 

500.00 

SUM"EXTRA" WTS 

WIND  PROFILE 

275.00 

1 . 00* 

TOT. WEIGHT 

5500.OO 

1275.00 

50.0b 

NET  LIFT 

2784.80 

2.00 

TOTAL  FORCE 

5000.00 

2973. S3 

ALT 

25.00 

3.00 

4OOO.0O 

15.00 

ANGLE  TO  H0RI20N 
69.46 

ALT 

5500.00 

5000.00 

HEIGHT 

HEIGHT 

1000.00 

1500.00 

WIND 

WIND 

50.00 

25.00 

DYN. PRES. 

1 . 83 

MECH.MOM. 

.4967.41 
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3.3.8  NOTES 


A.  If  incorrect  data  is  entered,  do  not  press  STOP  END  to  restart  program. 
For  proper  restart,  clearing  all  registers,  press  the  following 

STOP 
GO  TO 
1 
7 
6 
9 

CONT 

B.  Pitching-moment  coefficient,  table,  STOPS  2,  3.  See  also  section 
on  development 

1.  STOP  2 requires  entry  of  the  total  number  of  points  used  to 
define  the  C curve. 

2.  STOP  3 requires  entry  of  Point  Nos.  which  should  start  with  1 
for  first  point  where  a = 0 and  proceed  to  2,  3,  etc,  with 
larger  values  of  a.  Last  Point  No.  must  equal  number 
entered  in  STOP  2. 

3.  Up  to  a total  7 points  may  be  used  to  define  the  C m/o  curve, 

4.  If  for  example,  6 points  are  used  to  define  the  curve,  5 slopes, 

dC  / da  are  thereby  available  for  calculation  of  C at  any  a. 
m m 

The  slope  between  Point  Nos.  5 and  6 is  assumed  to  extend 
beyond  Point  No.  6 

C.  Extra  Weight  Entries,  STOP  9 

1.  The  payload  weight  can  be  included  here  if  desired  as  will  not 
affect  the  trim  angle  if  located  at  the  confluence  point: 

(X)  (Y)  (z) 

STOP  9-9-9  XCP  YCP  Wt 

P 

It  will  affect  the  net  lift  and  hence  the  total  force  and  its  angle. 

2.  Other  extra  weights  locations  will  also  affect  the  trim.  Due  to  the 
make  up  of  the  program  do  not  make  the  X location  of  any  weight 
equal  to  it.  X locations  can  carry  a negative  sign  if  ahead  of  the 
nose  of  the  balloon.  A negative-Y  indicates  a position  below  the 
centerline  of  the  balloon. 

D.  Wind  Profile  Entries,  STOP  11 

1.  First  entry  must  be  Point  No.  1,  with  Z = Z 
(Ballonet  empty  condition). 
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2.  Up  to  12  more  altitude -wind  points  may  be  entered  to  define  the 
wind  profile  from  Zmax  to  Zgurf. 

3.  The  last  entry  must  be  for  Zgurj. 
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3.4  Program  76.004  — FAMILY-2  Tethered  Balloon  Trim,  Single  Altitude, 

Design  Condition)  Ballonet  Empty 

3.4. 1 GENERAL  DESCRIPTION 

A type  of  tethered  balloon,  called  the  FAMILY-2  has  an  aerodynamic  shaped 
hull  and  two  vertical  and  two  horizontal  fins.  During  its  development,  model 
wind-tunnel  and  full-scale  static  and  flight  tests  were  made  in  extensive  detail. 
References  1 and  2 provide  a sufficient  amount  of  information  on  a 200, 000  CF 
system  to  write  a trim  equation  with  more  exact  constants  than  any  other  balloon 
now  available. 

Program  Nos.  76.004  (and  76.005)  were  approached  with  the  idea  of  providing 
a quick  solution  to  trim  problems  as  well  as  inputs  to  the  tether- cable  program. 
They  were  tailored  for  a 45, 000  CF  balloon  which  the  AFGL  will  receive  in  1976. 
However,  they  can  be  easily  converted  into  a completely  general  program  as  ex- 
plained in  Section  3.4.  8.  Program  No.  76. 004  is  concerned  with  the  condition 
where  the  balloon  is  completely  filled  with  gas,  that  is,  its  ballonet  is  empty.  It 
will  be  called  the  design  condition.  Program  No.  76.  005  was  designed  to  accom- 
modate both  the  design  condition  as  well  as  other  conditions  at  lower  altitudes  where 
the  ballonet  is  in  various  stages  of  air  inflation. 

Due  to  the  extensive  measurements  made  with  the  200, 000  CF  FAMILY-2 
balloon  by  the  Range  Measurements  Lab  of  the  Air  Force  Eastern  Test  Range,  it 
was  possible  to  obtain  data  which  allowed  use  of  the  balloon  aerodynamic  center- 
of-pressure.  Like  the  neutral-point,  it  is  defined  as  the  point  where  the  pitching- 
moment  is  zero.  This  permits  elimination  of  one  term  in  the  moment  equation 
developed  under  Program  No.  76. 003  where  a fixed  aerodynamic  center  was 
utilized.  The  longitudinal  variation  of  CP  with  trim  angle  was  computed  in  non- 
dimensional  form. 

Since  the  RML  balloon  features  a large  windscreen  to  cover  its  payload  and 
the  more  general  balloon  being  obtained  does  not  have  a windscreen,  the  differences 
in  aerodynamic  characteristics  had  to  be  obtained  from  wind-tunnel  tests  of  the 
two  designs.  Since  flight  data  differed  significantly  from  wind-tunnel  data,  the 
delta  windscreen  effects  were  applied  to  the  flight  data  to  obtain  the  full-scale 
aerodynamic  characteristics  of  a FAMILY-2  balloon  without  windscreen. 

The  center  of  buoyancy  locations  were  non-dimensionalized  from  flignt  mea- 
surements of  the  RML  balloon  assuming  that  the  windscreen  has  no  effect.  The 
vertical  location  is  a straight-line  function  of  true  angle-of-attack.  However,  the 
longitudinal  location  is  a function  of  both  trim  angle  and  ballonet  fullness.  For 

1.  Yon,  T.H.  (1974)  Design  Verification  if  the  IIP -7 A Balloon,  Test  Program 

Report  TR  No.  74-058,  RCA  Service  Co.  for  Range  Measurements  Labora- 
tory, Air  Force  Eastern  Test  Range,  Patric  AFB,  Florida,  2 Volumes. 

2.  Schjeldahl,  G.T.  Co.  (1971)  Wind  Tunnel  Test  Results  Family  IIP  Aero- 

dynamlcally  Shaped  Balloon,  5 Volumes. 
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this  case,  of  an  empty  ballonet,  a curve-fit  with  a correlation  of  0.  99  was  possible. 
This  fit  is  used  in  Program  No.  76.  004,  the  design  condition. 


3.4.  2 DEVELOPMENT  OF  PROGRAM  AND  EQUATIONS 

This  case  covers  a specific  tethered  balloon  type  wherein: 

a.  The  location  of  the  aerodynamic  center  of  pressure  (C^j  = 0)  is  known 
and  can  be  utilized  rather  than  an  arbitrary  fixed  aerodynamic  reference  center 

<cM  4 o). 

b.  The  fore  and  aft  location  of  the  center  of  pressure  varies  with  angle 
of  attack. 

c.  The  location  of  the  center  of  buoyancy  varies  with  ry. 

d.  The  balloon  will  be  flown  only  at  its  design  altitude  condition  (ballonet 

empty). 

A.  The  object  of  the  program  is  to  determine  the  trim  conditions  of  the  balloon 
and  the  total  force  and  its  angle  which  must  be  resisted  by  the  tether-cable.  The 
tether-cable  is  attached  at  the  confluence  point  of  the  multiple  flying-lines  attached 
to  the  balloon's  skin.  Hence  at  trim: 


T Moments  at  Confluence  Point  = 0 
Positive  moments  are  clockwise 


'OL  -J.n 


Center^-vT"’*'0 
of  / 

Pfe7 


7 / 

/ w n 

CP- Confluence  / 

ond  Atioehmenl  Point  / 

lor  Tether  Cable 
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The  moment  Eq.  (10)  developed  for  Program  76. 003  in  Section  3. 3.  2 is  applic 
able  here  provided  the  aerodynamic  pitching-moment  is  removed.  The  equation 
then  becomes: 


0 = mW  - tL  + tan  a (nW  - uL) 

2 2 
- K (ra  a - sb  - sea  + tan  a (sa  a + rb  + rca  )] 

+ cos  a [EWg  (x  - xCP)  + tan  a (y  - yCP)] 


(Mech.  Mom. ) 
(Aero  Mom. ) 
(Extras  Mom) 


B.  After  solving  for  <*trim  the  Aero  Lift  (L^)  and  Drag,  can  be  calculated 
and  used  with  buoyancy  and  Mass  terms  to  obtain  total  Resultant  Force  (F_)  and 
(0)  at  the  Confluence  Point  1 


, aero-la 
IGROSS-Lg 


NET  LIFT 


, F-r*  TOTAL 
1 RESULTANT 


DRAG , 0 

BALLOON-W 

EXTRAS-W, 


\ 8 > ANGLE  ABOVE  HORIZON 
» »-D 


C.  Use  2 constant  form  for  density  ratio  (same  in  all  programs) 
ln  PtPn 


= a + a,Z 
o 1 


where 


ax  = -1.7772  J 

a = -2.81361" 
o 


D.  For  45#  000  CF  Balloon,  let 
XCG  = 57.  3 ft 


XCP  = 26.6 
YCP  a -31.9 
S = 31.9 
c=  83.7 


Built  into  program. 
See  Notes  to  change  to 
entry  quantities  or  to 
change  values 


CG  Location  assumed  unchanged  with  a variation.  RML  tests  for  CG 
were  made  with  empty  ballonet  and  therefore  best  for  design  condition. 

E.  Center  of  Buoyancy  - Empty  Ballonet 
Yot,  for  200, 000  CF  balloon  = 0.  5 

C -tj  ^ 

Hull  length,  c for  200,  000  CF  balloon  = 137. 58 
YCB I*  = ‘ 003634 

From  fit  of  data  in  Reference  1 for  empty  ballonet  case 
XCB/°=ao+al“+a20(2 

where 

aQ=  .426185 
= -.00110645 
a2  = . 0000438942 

F.  Aero  Coefficients  - Flight  data  corrected  for  no  windscreen  by  difference 
in  wind-tunnel  data  with  and  without  win'"  jreen 

a.  CL=  .049«  or  dCL/d«  049 

2 ^Cj.  n 

b.  Cn=  . 106  + . 0007b/  = 'Cn  + — Z-u* 

°0  do2 

Cn  = . 106  = minimum  drag  at  a = 0 
uO 

dCD/d«2  = .00071 
YCP 

c.  -Jx£-  = o 

c 

XCP 

d.  — — — from  W.  T.  tests  w/o  windscreen.  A series  of  straight  lines  is 


used  to  define  the  variation  ofXCp/c  with 

{xcp, 

Region  a Base  c Base 

<£p 

c 

da 

or  Range 

1 

0 

.657 

. 2091 

0 - .55 

2 

.55 

.805 

-.4350 

.55  - 1.35 

3 

1.35 

.457 

. 1229 

1.35  - 1.7 

4 

1.7 

.50 

. 01395 

1.7  - 6.0 

5 

6.0 

.06 

.00370 

6.0 

1! 

fcl 

xr° 

26.0 

Y 

£sE) 

c 

.634 

XCP 

Base + 3cT  ^ a 

” “Base’ 
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3.4.3.  FLOWCHART 


74 


< !■>»■>■  ) -J  I~  B4a^  »{  , •■ 


--  at.-  -,^-tHt^fi.  ^ 


1123 


Prev  Arc  -*  2nd  Prev  Arc 
Arc  •*  Prev  Arc 

Prev  Arc  + 2nd  Prev  Arc=  Arc^ 
a'  = « + Arc 
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Final  Answers  Calc  and  Printed 

r 

t 

u 

Mech.  Moment  Terms 
Aero  Moment  Terms 
Extras  Moment  Terms 
E Moments  s o 
a.  Trim  Angle 
CL  = . 049  a t 


CD=  . 106+  .0007  lor  ‘ 


x,  Center  of  Pressure 
LC 

l = la  + lg 

W , Sum  of  Extra  Weights 

w = WD  + w 

lnet=l-w 

F™,  Total  Force 
0,1  Angle  to  Horizon 


net 


a.-  = . 2 and  -►  0 

i 

Start  Over 


1537 


Clear  all  Registers 
Ready  Next  Problem 
Prog.  No. 

Go  To  0000 
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FIX,  2,3 

(No.  of  desired 
decimal  places) 

CONT 

(X) 

(Y) 

(Z) 

Program  No.  and 
Title 

Stop  1,  Enter: 
CONT 

VB 

Vtj,  Balloon  Volume, 
B CF 

Stop  2,  Enter: 
CONT 

WB 

W_,  Balloon  Weight, 
u lb 

Stop  3,  Enter: 
CONT 

c 

“ 

c.  Length,  Hull,  ft 

(Stops  4,  5,  6,  and  7 not  hi  program  as  written.  See  notes  for  optional 
use  of  these  for  Xcp  YCP,  XCG,  AND  YCG> 

X - CONF.  PT. 
XCP 

Y - CONF.  PT. 


X,  Y CG-M.N.S 

XCG 

YCG 

m 

n 

s 

Directions  for  "Extra 

weights: 

Ent  n in  X,  if  None. 

Ent  Wt  inZ,  y in  Y, 
x in  X. 

Ent  n in  X when  all 
entries  made. 


Stop  8,  Enter  H or: 

X1  Yi 

W1 

CONT 

W.  (if  entered) 
Y,  (if  entered) 
xj  (if  entered) 

(Stop  8 repeats 

until  closing  IT  is  entered) 

Stop  :9,  Enter: 

Z 

- 

c:ont 

Z,  Alt,  ft 

Stop  10,  Enter: 

W 

- 

CONT 

W,  Wind,  Knots 

Stop  11,  Enter: 

n 

- 

CONT 

ft,  Guess  trim  angle, 

t 


(Program  begins  computations) 


DYN  PRES, 
q,  lb/ft2 


In  a -trim  loop,  a pause  at  Step  1125,  displays  Of  inX  reg. , and  Moments 
in  Z reg.  as  search  is  made  for  Of-trim  where  7)  Moments  = 0.  When  found, 
printouts  then  occur  as  follows: 

R 

r,  ft 
T 

t.  ft 
U 

u,  ft 

MECH.  MOM. 

Values  of  Mech 
Moment,  ft-lb 
AERO  MOM. 

Value  of  Aero 
Moment,  ft-lb 
EXTRAS  MOM. 

Value  of  Extras 
Moment,  ft-lb 
SUM  of  MOM. 

V Moments  = 0 
TRIM  ANGLE  ATCK 
fy.  deg 
CL  „ 

UL 

AERO  LIFT 


la.  !b 


CD 


DRAG 

D,  lb 

X-CENTER  PRESS 


'CP' 


ft 


GROSS  BUOY.  LIFT 


G’ 

TOT.  LIFT 


lb 


L = La  + Lq, 
SUM  "EXTRA"  WTS 

rWextra,  lb 
TOT.  WEIGHT 
W = wB  + 


lb 


rW 


extra' 


lb 


NET  LIFT 


LN  = L - W,  lb 
TOTAL  FORCE/s a 

FT=VV+D  ' 

ANGLE  TO  HORIZON 
6 = arc  tan 
Ln/D,  deg 

READY  NEXT  PROB. 
J.B.W.  76.  004 

A new  set  of  data  can  now  be  entered  at  first  stop  in  program  after  repeat  of  Title 
and  Number. 


lb 
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♦A  minimum  of  2 Points 
mutl  bt  uitd  *M  ■ 
rnidmvm  of  13  may  bf 
u»rd.  First  must  b« 
zAtAX  ,iyi  '***  n>w,t 
^I'ftF*  rtqutm 

o n*  vstot  of  •ln>i, 


j-»r«  ..ai-.aaam 


3.4.6  PROGRAM  76.004  - TRIM,  FAMILY -2,  SINGLE  DESIGN  ALTITUDE 


STEP  KEY 


3000--CIR 
008 1 --  FMT 

0002 — -FMT 

0003 — rf 

0004— -  a 

0005 — 0 

0006—  G 

0007—  . 

0008—  GTO 


STEP  KEY  STEP  KEY  STEP  KEY 


0050—  7 

0051—  7 

0052—  7 

0053—  1 

0054—  7 

0055—  CHS 

0056—  HEX 

0057—  1 

0058— -  0 

0059—  CHS 

0060—  XTO 


0015—  CLR 

0016—  XTO 
60 
00 
00 


002O— CLX 


O023— YT0 


0027— CNT 


003O — XTO 


0072—  CHS 

0073—  EEX 


— 5 

0075—  CHS 

0076—  XTO 


0037— CUT  I 0O87— XTO 


0098— EEX 


0100  — CHS 
6 1 - X T 0 

02—  O 

03—  3 

04—  7 

05—  . 

06—  0 

07—  e 

08—  1 
09--  1 
1 0 — - 0 
11—  6 

0112—  4 

0113—  5 

01 14—  CHS 

01 15— -XT0 


0126  — XTO 


rt  : 


0 1 34--XT0 


0.142— XTO 


O 1 52- -XTO 
— O 


— 6 

— 5 

— 7 
O160— XTO 

— 0 
— 6 
— 1 
~ • 
— 2 
— 6 

— 9 

— 1 

0169— XTO 
--  O 
— 6 
— 2 


0177— .XTO 


0186— XTO 


STEP | KEY  f STEP|  KEY 


0250--XT0 


0203  — XTO 


0209  — XTO 


0255  — XTO 

0256  — 
8257— 


0258  — XTO 


0261— XTO 


0264--XT0 


8267  — XTO 


0226— XTO 


0278— XTO 


028? — XTO 


0241— XTO 
2—  4 

3 j 

4—  XTO  I 0294 — FMT 

5- -  4 I 0295—  I NT 


0299— FMT 


STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

1)300--  1 
0301 —STP 
,0302- -PUT 

0303-  XTO 

0304- -  4 

0305- -  2 

0306- -  UP 
030.7—  2 

0308—  UP 

0309—  3 

0310—  DIV 

0311—  DN 

0312 —  KEY 

0313—  H 

0314—  XTO 

0315—  4 

0316—  1 

0317— -FMT 
03  IS — FMT 
0319— IND 

“0320--  E " 

0321—  I 

0322—  G 

0323—  H 

0324—  ;:to 
0325  — FMT 

0326- -  2 

0327- -STP 

0328—  PUT 

0329—  XTO 

0330- -  1 

0331—  FMT 

0332—  FMT 

0333—  L 

0334- -  E 

0335- -  N 

0336- -  G 

0337—  XTO 
0333—  H 
0339  — CNT 

“034O—  H ' 
0341  — 1/X 

0342- -  L 

0343—  L 

0344- -FMT 

0345- -  3 

0346—  STP 

0347—  PUT 
0343— XTC 
0349—  S 

0350—  FMT 

0351—  FMT 

0352—  YE 

0353—  - 

0354—  C 

0355—  O 

0356—  N 

0357—  F 

0358—  . 
.0359—  if  _ 

0360—  XTO 

0361—  . 
0362  — FMT 

0363—  2 

0364— -  6 

0365—  . 

0366—  C 

0367—  PUT 

0368—  XTO 

0369 — 5 
T037O — 4 

0371—  UP 

0372—  FMT 

0373—  FMT 

0374—  XFR 

0375 

0376— -  C 

0377—  0 

0378—  N 
.0379—  F 

"0380—  . " 

0381—  K 

0382—  XTO 

0383—  FMT 

0384 — 3 

0385—  1 

0386— -  . 

0387—  9 

0388—  CHS 

0389—  PUT 
"0390 —XTO  “ 

039 1- -  5 

0392—  5 

0393- -  UP 

0394—  FMT 

0395  — FMT 

0396  •-  YE 
0397-  -CLX 

XFR 

0399— CUT 

0400- -  C 

0401—  G 

04O2 

0403—  CLX 

0404—  M 
O405  — CLX 
O406—  II 
O4  07  — CLX 
O403— YTO 

-O409 — FHT- 

0410—  5 

0411—  7 

0412—  . 

0413— -  3 

04 14  — PUT 
04  15— RUP 
0416 

0417—  2 

0418—  . 

0419—  5 
"0420— CHS" 

0421—  PUT 

0422 —  RUP 

0423 

0424—  RUP 

0425—  XTO 

0426—  3 

0427—  PUT 

0428—  RUP 

0429—  PUT 
~0430— XTO" 

0431—  4 

0432—  RUP 

0433—  CHS 

0434—  PUT 

0435—  XTO 

0436—  6 

0437—  CUT 

0438—  CUT 

0439—  FMT 
—0440 — F NT- 

04  4 1 — I 

0442—  F 
044.3  — CUT 
0444—  II 
U4-»5—  0 
U44  6— CUT 
U4  47—  E 

0443—  YE 
044?— xrn 

0450- -  o 

0451—  R 
0452  — CUT 

0453— 1113 

0454—  XTO 
0455  — YTO 

0456—  CLR 

0457—  E 

0455— -  H 
0459  — XTO 
O460—  . 

0461  — CHS 

0462  — CUT 

0463—  I 

0464—  N 

0465—  CNT 

0466—  YE 

0467—  CLR 

0468—  0 

0469—  XTO 
“0470—  H " 

0471—  E 

0472—  ft 

0473—  IUD 

0474—  I 

0475—  YTO 

0476—  E 

0477—  CLX 

0478—  E 

0479—  II 

0480—  XTO 

0481—  E 

0482— -  ft 

0433—  CLR 

0434—  IIID 
0485— XTO 

0436- -  . 

0437- -  1 
0488—  II 
0439— CUT 

0490—  xscr 

0491—  CLX 

0492—  XFR 

0493—  CUT 

0494— -  I 

0495—  II 

0496—  CUT 
0497  — XFP 

0498—  CLP 

0499—  ft 

0500—  II 

0501—  D 

0502—  CUT 

0503—  YE 

0504—  CNT 

0505—  I 

0506—  N 

0507—  CUT 

0508—  YE 
_0509— CLR_ 

0510—  E 
6,11—  N 

0512—  XTO 

0513—  . 
0514  — CHS 

0515—  CUT 

0516—  I 

0517—  II 

051 8— -CNT 

0519—  YE 

0520—  CNT~ 

0521—  ft 

0522—  F 

0523—  XTO 

0524—  E 

0525—  o. 

0526—  E 

0527—  II 

0528—  XTO 

0529—  ft 

0530— -  I 

0531—  E 

0532—  YTO 

0533—  CUT 

0534—  C 

0535—  0 

0536—  M 

0537 — n'.„ 

0538—  L 
0533—  E 

"0540— XT  0“ 

0541—  E 

0542—  FMT 

0543—  8 

0544—  UP 

0545—  UP 

0546—  STP 

0547—  YTO 

0548— -  b 

0549— XEY 

0550- -  rf 
0551  — X=Y 

0552—  O 

0553— -  6 

0554—  1 

0555—  2 

0556 — b 

0557—  RUP 
0553— PUT 

_0559— XTO_ 

0560 — b 

0561—  XTO 

0562—  + 

0563—  5 

0564 — 8 

0565—  DN 
0566  — PNT 
0567— XEY 
0563— PUT 
0569— PUT 

“O570—  UP" 

0571— -XFR 

0572—  5 

0573—  4 

0574 

0575—  XFR 

0576—  5 

0577— -  5 

0578—  RUP 

0579—  XEY 

058O “ 

055 1- -  b 
0532—  X 
0583— YTO 
■0584—  + 
0585—  5 

0536—  2 

0537—  RUP 

0538— -  X 
0589— YTO 

"059O--  + " 

0591—  O 

0592—  5 

0593—  1 

0594—  3 

0595— -  UP 

0596— -  UP 

0597— -STP 

0598—  YTO 

0599— -  b 
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STEP  KEY  STEP  KEY 


0650- '- 

0651- 

0652- 

0653- 

0654- 

0655- 

0656- 

0657- 
0653- 
0659- 

'O660- 

0661- 

0662- 

0663- 

0664- 

0665- 

0666- 
0667- 
0663- 
0663- 

"067O- 

0671- 

0672- 

0673- 

0674- 

0675- 

0676- 

0677- 
0673- 

_0679- 

0630- 

0631- 


STEP  KEY  STEP  KEY 


STEP  KEY 


0616  — FMT 


0627— FMT 


0629  — PUT 
0630- -XT 0 


0633  — FMT 

0634—  FMT 

0635—  IHD 


0639— CLX 


0644—  YTO 

0645—  rMT 


0700  — 

0701  — 

0702  — 

0703— 

0704— - 

0705— - 

0706— 

0707— 
O703— 
07O9— 

"0710— 
071 1 — 

0712— 

0713— 
0714  — 

0715— 

0716— 

0717— - 
0713— 
0719— 

“0720-- 
0721  — 

0722- 

0723- 

0724- 

0725- 

0726- 

0727- 
072S- 
0729- 

"0730- 

0731- 

0732- 

0733- 

0734- 

0735- 

0736- 

0737- 
0733- 
0739- 

“O740- 

0741- 

0742- 
07'43- 

0744- 

0745- 

0746- 

0747- 

0743- 
0749- 


0750- 

0751- 

0752- 

0753- 

0754- 

0755- 

0756- 

0757- 
0753- 
0759- 

'O760- 

0761- 

0762- 

0763- 

0764- 

0765- 

0766- 

0767- 
0763- 
0769- 

"O770- 

0771- 

0772- 

0773- 

0774- 

0775- 

0776- 

0777- 
0773- 
0779- 

"073O- 

0731- 

0732- 

0783- 

0784- 


0739- 

‘0790- 

0791- 

0792- 
0799- 
0794- 
C795- 

0796- 

0797- 

0798- 

0799- 


0800 

0801 

0802 

0303 

O804 

0305 

0806 

0307 

0308 
, 0309 

0810 
0811 
0 0 1 2 

0813 

0814 

0815 

0816 
0317 
0813 
0319 
8320 
0821 
8822 

0823 

0824 
8325 
0826 

0827 

0828 
8829 
0830 
0831. 
0S32 
0333 
0834 
0335 
0836 
0S37 


0367— RUP 

0868—  X 

0869—  1 
■0870— XTO" 

0371 

0872—  k 
0373— XFR 
0374  — IHD' 

0375—  b 

0376—  + 

0377—  XFR 

0378—  3 
0879—  X 

"0880— XFR' 

0881—  5 

0882—  4 


0883- 

- - 

0834- 

-YTO 

0885- 

- 5 

0886- 

- ft 

0887- 

-XSQ 

0883- 

- X 

0339- 

-XFR 

■0890- 

- 2 ‘ 

0891- 

- 1 

0392- 

- X 

0393- 

-XFR 

0894- 

- 6 

0395- 

- UP 

0896- 

-XFR 

0S97- 

- 1 

0898- 

- 9 

riS9$- 

- X 

3.4.7  SAMPLE  INPUT /OUTPUT  PRINT 

The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solu- 
tion. For  a discussion  of  the  particulars  of  this  problem,  see  Section  4. 


PROG. #76.004 
TRIM*  DESIGN  ALT. 
FAM.2  T . BALLOON 
VOL. 

45000 . 000* 

HEIGHT 

970.000* 
LEIIGTH  HULL 

33.  '.'00* 
X-C0NF.PT. 

2b.  COO* 

Y-COHF.PT 

-31 . 300* 
Xi Y CG->H>N»S 

57.300* 
-2. 500* 
30.700 
29.400 
31.900 
IF  MO  EXTRA  UTS 
ENT.  if  III  X 
OTHERWISE)  &NTEP 
UT.IH  Z<Y  IM  Y 
AMD  X IM  X 
ENT.  if  IM  X AFTER 
ENTRIES  COMPLETE 
250.000 
-31.900 

2b . 800 

ALT . FT . MSL 

14000.000* 
HI HD. KNOTS 

25 . H0O* 
GUESS  ''PIN  UNCLE 

1 0 . ooo* 


DYII.  PRESS 


P 


T 


IJ 


3.531 
32. 204 


MECH. MOMENT 

8b94 • 523 
AERO. MOM. 

-8713.033 
EXTRAS  MOM. 

0.000 

SUM  OF  MOMENTS 
-23.510 
TRIM  ANGLE  ATCK 
7.570 
CL 

0.371 

AERO  LIFT 

847.052 

CD 

0.  147 

DRAG 

255.381 
X-CENTER  PP.ES-.  - 
47. 3. S3 
GROSS  LIFT 

1 934 .10) 
TOT. LIFT 

2581 . 153 
SUM  EXTRA  Ml  3. 

250 . OOO 
TOTAL  HEIGHT 

1220. 000 

NET  LIFT 

1331.153 
TOTAL  FORCE 

1384.99b 

ANGLE  TO  HORIZON 
79.:.:  5 3 
READY  NEXT  PPOf:. 


J.D.M  78.00s 


86 


3.4.8  NOTES 

A.  If  incorrect  data  is  entered,  do  not  press  STOP  END  to  restart  program. 
For  proper  restart,  clearing  all  registers,  press  the  following: 

STOP 
GO  TO 
1 
5 
3 
7 

CONT 

B.  Extra  weight  entry,  STOPS  8,  can  also  be  used  to  include  the  payload  if 
desired.  It  will  not  affect  the  trim  angle  if  located  at  the  confluence  point. 

(X)  (Y)  (Z) 

pp  pp 

Stop  8,  Enter  Yur  Wtp 

It  will  affect  the  net  lift  and  hence  the  total  force  and  its  angle. 

C.  This  program  was  written  for  a Family-2  Balloon  Design,  It  was  tailored 
for  a 45,000  CF  size  with  several  constants  for  this  size  built  into  the  program. 
Should  any  of  these  differ  when  an  actual  45,000  CF  balloon  is  flown  and  measure- 
ments made,  the  following  table  indicates  what  step/numbers  in  the  program 
should  be  changed.  The  table  also  indicates  the  changes  required  to  make  a univer- 
sal program  for  any  size  Family-2  balloon. 


As  Written 

To  Modify  for 
Continued  45, 000 
CF  Use 

To  Generalize  for 
any  Size 
Family-2 

Step  No. 

Key 

Key 

Key 

0363 

2 

X of  Confluence 

n 

Insert 

4 

Stop  No.  4 

0364 

6 

Point  = 26. 6 ft 

n 

Mod. 

T 

0356 

0366 

• 

6 

= XCP 

• 

n 

Dist. 

t 

STOP 

EntXCPinX 

0384 

3 

Y of  Confluence 

n 

Insert 

5 

Stop  No.  5 

0385 

1 

Point  = 31.9  ft 

n 

Mod. 

t 

0386 

0387 

0388 

• 

9 

ChgS 

_ yCP 

• 

n 

ChgS 

Dist 

t 

T 

STOP 

Ent  YCP  in  X 
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Step  No. 

As  Written 
Ke* 

0410 

5 

X of  Center  of 

0411 

7 

Gravity  = 57. 3 ft 

0412 

0413 

3 

= XCG 

0417 

2 

Y of  Center  of 

0418 

• 

Gravity  = 2. 5 £t 

0419 

0420 

5 

ChgS 

ii 

o 

o 

To  Modify  for 
Continued  45, 000 
CU  Use 

To  Generalize  for 
any  Size 
Family -2 

Key 

K£Z 

n 

Insert 

6 Stop  No.  6 

n 

Mod. 

• 

Dist. 

T 

n 

STOP  EntXCQinX 

n 

Insert 

7 Stop  No.  7 

• 

Mod. 

t 

n 

Dist. 

t 

n(or  ChgS) 

STOP  EntYCGinX 

D.  Conversely,  several  parameters  left  as  entries  might  be  desired  as  fixed 
inputs  when  only  one  specific  45,000  CF  balloon  (or  other  size)  is  being  investi- 
gated. The  volume,  weight,  and  envelope  length  may  be  fixed  by  the  following  key- 
strokes 


Step 

Step 

Step 

No. 

Key 

No. 

Xe? 

No. 

Key 

0030 

n ' 

0316 

0332 

1 

0301 

n 

0317 

xy 

0333 

PNT 

0302 

n 

Vol 

0318 

X-* 

0334 

FMT 

0303 

n I 

f °f 

0319 

4 

0335 

FMT 

0304 

n 

| Balloon, 

0320 

1 

0336 

H 

0305 

n 

‘ VB’ 

0321 

FMT 

0337 

U 

0306 

X-> 

0322 

FMT 

0338 

L 

0307 

4 

0323 

W 

0339 

L 

0308 

2 

0324 

T 

0340 

FMT 

0309 

PNT 

0325 

• 

0341 

11  ^ 

0310 

T 

0326 

FMT 

0342 

11 

l Envelope 

0311 

2 

0327 

n 1 

| wt 
> of 

0343 

n ! 

0312 

t 

0328 

n| 

0344 

n 

^ Length, 

0313 

3 

0329 

11  1 

r 

1 Balloon 

0345 

n 

c 

0314 

0315 

4 

0330 

0331 

n J 

X-+ 

1 w 
WB 

0346 

n ) 

If  a volume  other  than  45,000  CF  was  being  considered,  the  modifications  shown  in 
Note  C must  also  be  made. 
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3.5  Proer»m  76.005  — FAMILY-2  Tethered  Balloon  Trim,  Variable  Altitude 

and  Wind  Profiles 

3. 5. 1 GENERAL  DESCRIPTION 

A type  of  tethered  balloon,  called  the  FAMILY-2,  has  an  aerodynamic  shape 
and  two  vertical  and  two  horizontal  fins.  During  its  development  model  wind- 
tunnel  and  full  scale  static  and  flight  tests  were  made  in  extensive  detail.  Refer- 
ences 1 and  2 provide  a sufficient  amount  of  information  on  a 200,  000  CF  system 
to  write  a trim  equation  with  more  exact  constants  than  any  other  balloon  now 
available. 

Program  No.  76.  005  (and  76. 004)  were  approached  with  the  idea  of  providing 
a quick  solution  to  trim  problems  as  well  as  inputs  to  the  tether- cable  program. 
They  were  tailored  for  a 45,  OUC  CF  balloon  which  the  AFGL  will  receive  in  1976. 
However,  they  can  be  easily  converted  into  a completely  general  program  as 
explained  in  Section  3.  5.  8. 

Program  No.  78. 004  is  concerned  with  the  condition  where  the  balloon  is 
completely  filled  with  gas,  that  Is,  its  ballonet  is  empty.  It  will  be  called  the  de- 
sign condition.  Program  No.  76.  005  was  designed  to  accommodate  both  the 
design  condition  as  well  as  other  conditions  at  lower  altitudes  where  the  ballonet 
is  in  various  stages  of  air  inflation. 

Due  to  the  extensive  measurements  made  with  the  200,  000  CF  FAMILY- 2 
balloon  by  the  Range  Measurements  Lab  of  the  Air  Force  Eastern  Test  Range,  it 
was  possible  to  obtain  data  which  allowed  use  of  the  balloon  center-of-pressure. 
Like  the  neutral-point,  it  is  defined  as  the  point  where  the  pitching- moment  is 
zero.  This  permits  the  elimination  of  one  term  in  the  moment  equation  developed 
under  Program  No.  76.  003  where  a fixed  aerodynamic  center  was  utilized.  The 
longitudinal  variation  of  CP  with  trim  angle  was  computed  in  non-dimensional  form. 

Since  the  RML  balloon  features  a large  windscreen  to  cover  its  payload  and  the 
more  general  balloon  being  considered  does  not  have  a windscreen,  the  differences 
in  aerodynamic  characteristics  had  to  be  obtained  from  wind-tunnel  tests  of  the  two 
designs.  Since  flight  data  differed  significantly  from  wind-tunnel  data,  the  delta 
windscreen  effects  were  applied  to  the  flight  data  to  obtain  the  full  scale  aero- 
dynarmc  characteristics  of  a FAMILY- 2 balloon  without  windscreen. 

The  center  of  buoyancy  location  was  non-dimensionalized  from  flight  measure- 
ments of  the  RML  balloon  assuming  that  the  windscreen  has  no  effect.  The  verti- 
cal location  is  a straight  line  function  of  trim  angle-of-attack.  However,  the  longi- 
tudinal location  is  a function  of  both  trim  angle  and  ballonet  fullness.  For  the  case 
of  an  empty  ballonet,  a curve-fit  with  a correlation  of  0.  99  was  possible.  This  fit 
is  used  in  Program  No.  76.004,  the  design  condition. 

For  the  general  case.  Program  No.  76.  005,  a complete  fit  of  all  four  mea- 
sured cases  (Ballonet  Empty,  1/3  full,  2/3  full,  and  full)  which  is  within  the  scope 


89 


of  this  computer  program,  was  more  difficult  and  permits  larger  errors  than  the 
design  case.  An  error  in  the  longitudinal  position  of  the  center-of-buoyancy  of 
up  to  0.  3 ft  in  a balloon  having  an  envelope  length  of  100  ft  is  an  outer  limit.  Un- 
certainties in  other  balloon  or  atmospheric  parameters  could  be  larger  sources  of 
error.  However,  the  effect  of  the  center  of  buoyancy  error  can  be  noted  where 
design  conditions  from  the  output  from  Program  No.  76.  004  and  from  the  first 
output  group  from  Program  No.  76.  005  are  compared. 

In  Program  No.  76. 005  ballonet  fullness  is  computed  at  each  lower  altitude  on 
the  assumption  that  the  initial  flight  altitude  entered  is  the  design  altitude  where 
the  ballonet  is  empty.  Computations  are  first  made  for  the  design  altitude,  then 
proceed  downward  at  delta-altitude  increments  to,  and  including,  the  surface  alti- 
tude. No  check  on  the  ballonet*  s ability  to  handle  the  total  altitude  excursion  is 
made  within  this  program.  Therefore  as  an  initial  step.  Program  No.  76.001  can 
be  utilized  to  obtain  both  the  no- wind  buoyancy /weight  balance  as  well  as  the  ac- 
ceptability of  the  altitude  excursion  by  the  ballonet. 


-If  J, 


3.  5.  2 DEVELOPMENT  OF  PROGRAM  AND  EQUATIONS 

This  case  covers  a specific  tethered  balloon  type  wherein: 

a.  the  location  of  the  aerodynamic  center  of  pressure  (C^  = 0)  is  known 
and  can  be  utilized  rather  than  an  arbitrary  fixed  aerodynamic  reference  center 

(Cj^j  4 0). 

b.  the  fore  and  aft  location  of  the  center  of  pressure  varies  with  angle 
of  attack,  a. 

c.  the  location  of  the  center  of  buoyancy  varies  with  a and  the  "fullness" 
of  the  ballonet. 

d.  the  balloon  will  be  flown  at  the  design  altitude  (ballonet  empty)  and 
at  lower  altitudes,  where  the  ballonet  fills  with  air  as  the  gas  volume  decreases. 

A.  The  object  of  the  program  is  to  determine  the  trim  conditions  of  the  balloon 
and  the  total  force  and  its  angle  which  must  be  resisted  by  the  tether-cable.  The 
tether  cable  is  attached  at  the  confluence  point  of  the  multiple  flying  lines  attached 
to  the  balloon's  skin.  Hence  at  trim: 

£ Moments  at  Confluence  Point  = 0 
Positive  moments  are  clockwise 


The  moment  Eq.  (10)  developed  for  Program  76. 003  in  Section  3. 3. 2 is  applic- 
able here  provided  the  aerodynamic  pitching-moment  is  removed.  The  equation 
then  becomes: 

0 = mW  - tL  + tan  a (mW  - uL)  (Mech.  Mom. ) 

2 ? 

- K (ra  a - sb  - sea  + tan  a (sa  a + rb  + rca  ')]  (Aero  Mom. ) 

CP  CP 

+ cos  a (£We  (x  - x ) + tan  n r.Wg  (y  - y )]  (Extras  Mom. ) 

B.  After  solving  for  atrim  the  Aero  Lift  (L^)  and  Drag,  can  be  calculated 
and  used  with  buoyancy  and  Mass  terms  to  obtain  total  Resultant  Force  (FT)  and 
angle  (0)  at  the  Confluence  Point. 

| aero-la 

iGROSS-Lq 

DRAG , 0 

BALUCON-W 
EXTRAS-We 


C.  Use  2 constant  form  for  density  ratio  (same  in  all  programs) 

In  p/p 

Z—  - a0+v 

where 

al  = -1.7772-10 

a = -2.81361"5 
o 

D.  For  45, 000  CF  Balloon,  let 
XQG  = 57.  3 ft 

ycg=-2-5 

XCP  = 26.6 
YCP  = -31.9 
s = 31.9 
c = 83.7 

CG  Location  assumed  unchanged  with  a variation.  RML  tests  for  CG  were 
made  with  empty  ballonet  and  therefore  best  for  design  condition. 

E.  Center  of  Buoyancy  - All  Ballonet  Conditions 
Hull  lengh  = c 


Built  into  program. 
See  Notes  to  change  to 
entry  quantities  or  to 
change  values 


NET  LIFT 


FT  = TOTAL 
RESULTANT 
FORCE 


6 = ANGLE  ABOVE  HORIZON 
D 


From  Reference  1,  * ■ varies  as  a straight  line  between  two  conditions; 
c 


— = . 00363  Ballonet  Empty 
c 


J=f£  = .06178  Ballonet  Full 
c 

££  = . 00363  + .05815  y 


where 


y = Ballonet  Fullness  Fraction 

Using  Reference  1 measured  data.  Figure  E4-10,  the  following  equation  permitted 
a reasonable  fit  to  that  curve  presented. 

2 2 2 2 2 2 3 

= A0  + f0  a + fA  a V + f2  ay  + gQ«  + y + g2<x  y + g3a  y 


where 


Ao  = 

.427 

g0  = .00004389 

f0  = 

-.001030 

g1  = .00005097 

fl  = 

-.005411 

g2  = .0002048 

f2  = 

.004689 

g3  = .0001692 

F.  Aero  Coefficients  - Flight  data  corrected  for  no  windscreen  by  difference 
in  wind-tunnel  data  with  and  without  windscreen. 

a.  CT  = . 049  a or  dCT  /da  = . 049 

L Jj 

b.  Cn=  . 106  + .0007  la2  = Cn  + — £«2 

D U0  da 

C = . 106  = minimum  drag  at  a = 0 


dCD/d«  = .00071 

Icp  = o 

c 


d.  £P  from  W.  T.  tests  w/o  windscreen.  A series  of  straight  lines  is 
used  to  define  the  variation  of  X^p/c-  with  a. 
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Region 

a Base 

(xcp) 

' c Base 

XCP 

<*-SF 

da 

a Range 

1 

0 

.657 

.2691 

0 - .55 

2 

.55 

.805 

-.4350 

.55  - 1.35 

3 

1.35 

.457 

.1229 

1.35  - 1.7 

4 

1.7 

.50 

. 01395 

1.7  - 6.0 

5 

6.0 

.56 

.00370 

6.Q  - 26+ 

26.0 

.634 

xrp  Xp_  d 


(a  - a 


Base) 


G.  Ballonet  Fullness  Fraction 
Let  Vg  = volume  of  balloon 
v = Volume  of  Ballonet 


By  definition: 


VB-V=fid 


which  defines  the  maximum  or  design  altitude  which 


VB  po  — ° 

is  accommodated  by  a ballonet  of  a given  volume  in  i.  flight  from  an  altitude,  Zq, 
where  it  is  full  of  air. 

a fixed  quantity  for  a given  balloon.  In  actual  use, 
there  is  a greater  probability  that  the  balloon  will  not  be  flown  from  ZQ  (Sea  Level). 
It  would  probably  be  flown  from  a ground  station  above  sea  level  and  thus  have  a 
maximum  altitude  higher  than  if  launched  from  sea  level.  More  typically,  the  full 
range  of  flight  altitude  required  in  a project  might  not  require  the  full  capability 
of  the  ballonet,  that  is,  an  empty  ballonet  at  design  or  maximum  altitude  but  a par- 
tially full  condition  at  the  surface.  These  various  flight  conditions  are  illustrated 
below. 


Z„j-ALTITUDE  WHERE  BALLONET 
EMPTY,  IF  FULL  AT  Z, 

Zo  -ACTUAL  ALTITUDE  IN  GENERAL 
^ PROBLEM  WHERE  BALLONET  EMPTY 


— Z(j  -DESIGN ALTITUDE, S.LLAUNCH, 
BALLONET  EMPTY 


Z,  - SURFACE  ALTITUDE 


Zu  -THEOR.  ALTITUDE  WHERE  BALLONET 

FULL  IN  GENERAL  PROBLEM 


- Z0  -SEA LEVEL 
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Cases  A,  B,  and  C above  represent  the  full  range  of  altitudes  a balloon  car.  tra- 
verse with  a given  fixed  ballonet  size,  that  is,  the  density  ratio: 

P. 


(2)  -H  = — 


sd 


P u=  P s 


Case  D is  the  more  general  case  where  the  full  capability  of  the  ballonet  may  not 
be  required,  that  is,  the  ballonet  not  full  at  Zg. 

To  obtain  a relationship  for  the  variation  of  ballonet  volume  with  altitude 
consider: 

Pd 

Volume  of  gas  at  Sea  Level  = V_  — , which  expands  to: 

pd  0 

Volume  of  gas  at  Z d = Vg  — = V^ 

d pd  Pd  po 

In  general.  Volume  of  gas  at  Z = V_  — = V_  — — 

° PZ  a po  PZ 

So,  Volume  of  Ballonet  = Vg  - Vol  of  Gas 


P, i Pn  Pa  P- 

(3)  v=VB'VBpf  4=Vb(1‘^p|) 


At  Z = 0,  v = V„  (1  - — ),  Ballonet  Full  by  Eq.  (1)  Definition 
B po 

At  Z = Zd,  v - VB  (1-1)  = 0,  Ballonet  Empty 
Therefore  if  y = Ballonet  Fullness  Fraction: 


V (l-^^> 
v„  V B u p p ' 

^ 


1 ^ P_o 

Pp  PZ 

1 ’ Pd/po 


To  cover  the  general  Case  D above,  the  following  is  an  equivalent  definition: 
P-n  P 


1 J?  _H 

VZ  Pu  PZ 

Y=\- 


1 


B 


u 


but  by  the  definitions  in  Eq.  (2)  above  — - = — 

pu  p 0 


1 fd  P_u 

Po  PZ 


1 - 


pd 
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m 


ILPUI  .1.111  H. 


W 


However,  since  the  computer  program  evaluates  density  relationships,  p/pQ,  the 
use  of  Pu/P^  *s  undesirable.  Making  use  of  Eq.  (2)  relationships, 

^ ^ ^ and  ^ ^ 

Pq  Pz  Po  PZ  PQ  Po  P d 


Pd  Pu  PjlP_o  P_BP_o  _ p_o  P_B 

Po  Pz  Po  pZ  Po  pd  ” PZ  po 


(5) 


P_o  P_B 
PZ  Pq 
Pd 
Po 


Therefore,  program  is  designed  to: 

a.  Obtain  pd/pQ  from  Eq.  (1) 

b.  Obtain  PB/P0  from  first  or  highest  altitude  calculation 

where  ballonet  is  empty,  y = 0 

c.  Obtain  PB/P0  computed  at  each  lower  altitude. 
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3.  5.  3 FLOW  CHART 


Internal,  No.  Title 
Constants,  Table  for 
Xcp/c.  Triggers  for  rt  Loop 

Stored 


Is  W = ir 


User  Entries 
Stp.  1 vB 

Stp.  2 W~ 


Stop  12:  AZ  v 


Stp.  3 

c 

(4) 

xcp* 

<5> 

yCP  # 

(6) 

V ^ 

*cc» 

m 

= XCG' 

(7) 

Y * 
yCG 

»•  *cg-y 


(DThese  are  best  estimates  for 
45000  CF  balloon.  See  User  Notes) 
Message  for  "Extra" 

Weights  (x)  (y)  (z) 

None:  Stp  8 w - 


or  Stp  8 


from  1933 


= V*1Z 


p - plpQ  x pa 

Sp.  Lift  = Sp.  LiftSL  X p/pQ 


Locate  Wind  Zone 


W = V,„.  = W + AW 
fps  p 

Pnt  Z and  W 
(W  reconstructed 
in  knots  for 
print  only) 

q=  1/2  pV2 


Message  Alt, 

Wind  Profile 

(x> 

(y)  <*) 

Stop 

10: 

Wknot  ZS  Pt' 

No. 

Stop 

11: 

W 

Z Pt. 

No. 

after  Z„  Cond. 

Ent. 

Stop 

11: 

If 

o 

Is  n>  0 


Prev  A a -*  2nd  Prev  A/* 

Aa  -»  Prev  Ary 
Prev  Aa  + 2nd  Prev  » Aa_ 
rl 

a'  = a+  Aa 


1551 


Note:  In  flow  chart,  n is  also  used  as  altitude  point  counter,  n for  CP  region 
number,  and  p for  wind  profile  point  number. 
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*A-*1*t 


^ 1505  \ 
Is  AcrT„  =0 


Is  FM<0 


Aa  3 .01 


I 1870 

n = n + 1 •*  009 

Reset  Triggers 
forct  Loop 


Is  Z = Z 


Is  Z'>  Z 


Aa=  -.01 


1528 


Prev  Ac  •*  2nd  Prev  Aa 
Act  -*  Prev  Aa 

Prev  A a + 2nd  Prev  = A a Tg 


«'  = a + Aa 


V®/- 

1551  1 

, 

j: 

Go  To  1987 

1 . ...  r- 

■ 

s 

1562  j ™ 

9- 

9 

Final  Answers  Calc 
and  Printed  for 
One  Value  of  Z 

| 

i 

Mach.  Moment 
Aero  Moment 
Extras  Moment 
7M  = 0 

las 

-i 

®trim 

' 

4 

1 

CL  » a. 049  at 

i 

LA  2 

Cp  * .106+  ,00071a^ 

1 

Dlg 

l = lg  + la 

1 1 

1 

r\V  extras 

M9 

J 

\V  u Wr+  W extras 
lnet=l-w 

ft 

1 

0 

Z'  = z. 


Ready  Next  Prob. 
Progr.  No 
Clear  all  Registers 
Go  To  0000 


Is  or<.  2 


y into  x 
Go  To  1054 


Trim  angle  = .2  -*  0 
Start  Anew 
Clear  Registers 
Go  to  0000,  END 


3.  5. 4 OPERATING  INSTRUCTIONS 


KEY  STROKES  ENTRIES 


PRINTS 


RUN 

END 

FIX, 2, 3, 

CONT  (X)  (Y)  (Z) 

Stop  1,  Enter:  VR  — ~™ 

CONT 

Stop  2,  Enter:  Wg  — 

CONT 

Stop  3,  Enter:  c ~ 

(Stops  4,  5,  6,  and  7 not  in  program  as  written, 
use  of  these  for  X^,  Y^**,  X^q,  and  Y^^) 


(No.  of  desired  decimal 
places) 

Program  No.  and  Title 

V„,  Balloon  Volume,  CF 
B 

V'B#  Balloon  Weight,  lb 
c.  Length,  Hill  ft 
See  notes  for  optional 


Directions  for  "Extra" 
weights; 

Ent.  7T  in  x if  none. 

Ent.  Wt  in  Z,  y in  Y,  x in  X. 
Ent.  7i  in  X after  all  entries 
made. 


Stop  8,  Enter  7i  or: 
CONT 

X1 

Yi  Wj 

W,  (if  entered) 
Y } (if  entered) 
xj  (if  entered) 

(If  tt  goes  to  Stop  10) 

Stop  9,  Enter  u or: 
CONT 

(If  r goes  to  Stop  10) 

X2 

Y2  W2 

W_  (if  entered) 
y|  (if  entered) 
Xg  (if  entered) 

Directions  for  Alt -Wind 
Profile: 

Ent.  v in  x after  surface 
entry.  [First  Entries  at 
Stop  10  must  be  Pt.  No. 
for  Max  Balloon  Altitude 
(Empty  Ballonet)] 


Stop  10,  Enter: 
CONT 


W 


W 


-B 


Z 


Pt.  No. 


Pt.  No. 


1,  Pt.  No. 

Zg,  Max  Balloon  Alt,  ftMSL 
W,  Wind,  Knots 


Stop  11,  Enter: 
CONT 


100 


Pt.  No. 

Z,  Alt,  ft 
W,  Wind,  Knots 


(After  Zg  is  entered 

Stop  11,  Enter: 
CONT 

Stop  12,  Enter: 
CONT 


AZ 


o’. 


(Program  begins  computations) 


Of,  Guess  trim  angle.  Deg 
v,  Balloonet  volume,  CF 
AZ,  Desired  decrements  in 
Alt,  ft 

ALT 

Z,  ft 

WIND 

W,  Knots 

DYN.  PRES, 
q.  lb/ft2 

BALLOONET  FULLNESS 
Y 

Pause  in  a-trim  loop,  step  1552,  a inX  reg.  and  r Moments  in  Y and  Z as  search 
is  made  for  a trim  where  y Moments  = 0.  When  found,  printouts  then  occr 
follows: 

MECH.  MOM, 

Value  of  Mech.  Moment, 
ft -lb 

AERO  MOM. 

Value  of  Aero  Moment, 
ft -lb 

EXTRAS  MOM. 

Value  of  Extras  Moment, 
ft -lb 

SUM  OF  MOM.  _ 

E Moments  = 0 

TRIM  ANGLE  ATCK 
a,  deg 

AERO  LIFT 

la,  lb 

CD  r 
UD 
DRAG 
D,  lb 

GROSS  EUOY.  LIFT 

lg,  lb 


TOT.  LIFT 

L = La  + LG.  lb 

SUM  "EXTRA"  WTS 
SWextra’  lb 
TOT.  WEIGHT 

w = WB  + EWextra'  lb 
NET  LIFT 

Ln  « L - W,  lb 
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TOTAL  FORCE 

Ft  = ^ Ln2  + D2.  lb 

ANGLE  TO  HORIZON 

0 = arc  tan  L^/D,  deg 

Program  now  brings  Balloon  down  AZ  in  altitude,  recomputes  wind,  q and  ballonet 
fullness  and  goes  through  another  a trim  search.  When  a Z value  less  than  Z- 
surface  is  reached,  Z-surface  is  substituted  and  the  surface  conditions  are  the  last 
block  of  computed  data.  Completion  is  indicated  by  following: 

Ready  Next  Problem 
J.B.W.  76-005 

A new  set  of  data  can  now  be  entered  at  first  stop  in  program  after  repeat  of  Title 
and  number. 


INPUT 


7#. 00),  n.004.  «*J  76.005 


i 


3.5.6  PROGRAM  76.  005  - TRIM,  FAMILY-2,  VARIABLE  ALT.  AND 
WIND  PROFILES 


STEP  KEY  I STEP  KEY  | STEP  KEY  j STEP  KEY  | STEP  KEY  | STEP|  KEY 


©y  i,t  y-- CLP. 
711 
FK 


0016— ;<T0 


0020 — CL?! 


0O2S — XTO 


0031—CLR 


0037— CUT 


0047— FI1T 


U0&n— 
0061  — 
0062  — 
0063— 

0064  — 

0065  — 
0866" 

0067- - 

0068— 
006?  — 

“0070 — 
8071  — 

0072— 

0073— 

0074— 

0075— 
0876-- 

0077— 

0078- 
0873- 
0080- 
0031- 
0082- 
0883- 
0034- 
0835- 

0036- 

0037- 
0088- 
0088- 

“0090- 

0091- 

0832- 

0O93- 

0834- 

0095- 

0096- 

0097- 


0100  — 

OlOl  — 

0102 — 

0103— 

0104 —  C 

0105—  j; 

0106— 
0107— 
OIOS— 

.0109 

0t  lo- 
om— 
0112 — 

01 13 — 

0114 — 

0115— 

0116 —  > 

01 17 — 

01 18 — 

Oil? — 

“0120  — 
0121  — 
8i  22 — 

0123— 

0124—  £ 

0125— 

0126—  ( 
8127—5 
0128— 

_ 0 1 2 9 — 
0 1 30— 
0131  — 

0132 — 

0133 — 
0134  — 

0135— 1 

0136— 1 

0137— 

0138— 1 

0139— : 

0140  — 

0141  — 

0142-  — 

0143 — 
0144  — 

0145— 

0146 — 

0147 — 

0140 — 


015O  — 
0 1 5 1 — 
0152  — 
0153 — 
0154  — 

0155— 

0156— 

0157— 
0 1 53— 

8 1 59 — 

0160  — 
0161  — 
0162 — 

0163 — 

0164— 

0165— 

0 1 66— 

0167— 

0168— 

0 1 69- * 

0170— 
0171  — 

0172- 

0173- 

0174- 

0175- 

0176- 

0177- 

0178- 

0179- 

0180- 
0181- 
0132- 
0183- 
G134- 

0185- 

0186- 

0187- 

0188- 

0189- 

0 1 90- 

0191- 

0192- 

0193- 

0194- 

0195- 

0196- 

0197- 

0198- 

; 0199- 


yjyy-  - 
0281-- 

0202— - 

0203— 

0204 — 
0285 — 
0206-- 

0207— 

0208— 
0209-- 

*0210— 
0211  — 

0212 — 

0213 — 

0214— 
8215 — 
0216 — 

0217 — 

02 1 8- - 
0219 — 

“0220 — 
022 1 — 
0222-- 

0223- 

0224- 

0225- 

0226- 

0227- 

0228— 
0229- 

“0230- 

0231- 

0232- 


.0259  — 
0260— 
0261-- 
0262— 
0263— 
0264  — 

0265— 

0266- * 

0267- 

0268- 
0269- 

“0270- 

0271- 

0272- 

0273- 

0274- 

0275- 

0276- 

0277- 

0278- 

0279- 

0280- 
028  - 
0262- 


0291- 

0292- 

0293- 

0294- 

0295- 

0296- 

0297- 

0298- 

0299- 


STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

STEP  KEY 

0600 — 5 

0601—  1 

0602—  9 

0603 — UP 

0604—  UP 

0605—  STP 

0606—  YTO 

0607—  o 
O603 — KEY 

.0609 — if  . 

0610—  X=Y 

0611—  0 
0612—  6 

0613—  2 

0614—  O 

0615—  GTO 

0616—  O 

0617—  5 
061S—  6 

0619—  4 

0620—  1 

0621—  O 

0622—  UP 

0623—  UP 

0624—  FHT 

0625—  FHT 

0626—  fl 

0627—  L 
0623— XTO 

.0629—  . . 
063O  — I HP 

0631—  I 

0632—  II 

0633—  D 

0634—  CUT 

0635—  if 

0636—  ci 

0637—  0 

0638—  F 

0639—  I 
"O640—  L 

0641—  E 

0642—  E 

0643—  M 

0644 —  XTO 

0645—  . 

0646—  CHS 

0647—  CUT 

0648—  1 

0649—  II 

0650—  CUT 

0651—  VE 

0652—  CUT 

0653—  fl 

0654—  F 

0655 —  XTO 

0656—  E 

0657—  a 
0653— YTO 

_0659— l/X. 

0660—  a 

0661—  F 

0662—  . 

0663—  E 

0664—  H 

0665 —  XTO 
0666~"  ci 

0667—  XFR 

0668—  FUT 

0669—  STP 
"067O— YTO" 

0671—  1 

0672—  O 

0673—  RUP 

0674—  PUT 

0675—  RUP 

0676—  FHT 

0677—  RUP 

0678—  PUT 
_0679— PUT. 

O680— YTO 
0631—  O 
0682— XEY 
0683“-  2 
0684— RUP 
0635—  X 

0686—  7 

0687—  9 
0633 — + 

0689—  YTO 

0690—  a " 

0691—  XFR 

0692—  O 

0693—  XTO 
0694  — I HD 

0695—  ci 

0696—  1 

0697— -  + 

0698—  YTO 

0699—  ci 

0700—  RUP 

0701—  -XEY 

0702—  1 

0703—  . 

0704—  6 

0705—  3 

0706—  7 

0707— -  3 

0708—  X 
_0709 — YTO 

0710—  IHD 

0711—  OL 

0712—  1 

0713—  1 

071 4— -  UP 

0715—  UP 
87 1 6--STP 

0717—  YTO 

0718—  0 

0719—  XEY 

0720—  if 

0721—  X=Y 

0722—  O 

0723—  7 

0724—  3 

0725—  4 

0726—  XFR 

0727— -  O 

0728—  XEY 
_0729 — GTO_ 

0730—  O 

0731— -  6 

0732—  ? 

0733—  3 

0734—  1 

0735—  XTO 

0736 

0737— -  c. 

0738—  XFR 

0739—  IHD 
“074O—  ft  “ 

0741—  XTO 

0742—  1 

0743—  5 

0744—  UP 

0745—  2 

0746— -XT0 

0747—  + 

0748“-  a 
074  9 

0750 - -YTO 

0751-  IHD 

0752- *  a 

0753-  1 

0754-  2 

0755- -  UP 

0756-  UP 
0757  — STP 

0758—  RUP 

0759—  PUT 
“0760— F:UP“ 

0761 - ■’■PUT 

0762—  RUP 
0763  — PNT 

0764—  PUT 

0765—  YTO 

0766—  0 

0767—  XTO 

0768—  1 

0769—  6 
“0770— RIJP“ 

0771—  XTO 

0772—  5 

0773—  7 

0774—  XFR 

0775—  1 

0776—  O 

0777—  UP 

0778—  UP 

0779—  XFR 
“078O—  3 “ 

0731—  9 

0782—  X 

0783—  XFR 

0784— -  3 

0785—  3 

0786—  + 
078  7—  BH 
0783—  X 
0739—  BN 

“0790—  J “ 

0791—  XTO 

0792—  1 

0793— -  8 

0794—  UP 

0795—  UP 

0796 —  XF? 

0797—  1 

0798—  2 

0799—  X 

0309  — YTO 
0801—  1 
0802—  3 
03.03—  BH 

0804—  XFR 

0805—  3 | 
0306 — 4 

0807— -  X 

0808—  XFR 

0809 — 9 
“os  10—  up' 

0811—  0 
0812 — X<Y 
0313—  8 

0814—  8 

0815—  3 

0816—  0 

0817—  XFR 

0818—  4 
C8 1 9 — 2 

“0820— RUP' 
082.1  — X 

0822 —  YTO 

0823—  2 

0824 —  Xr  R. 

0825—  1 
0326—  8 

0827—  XTO 

0828—  7 

0829—  3 
-oe3o—  b - 

0831—  UP 

0832—  1 

0833—  <, 

0834—  2 

0835—  X 

0836—  7 

0837 — 9 

0838 — + 

0839— YTO 
“084 0 — a - 

0841 --XFR 
C842  — IHD 
O343--  a 

0844 — UP 

0845—  XFR 

0846— -  1 
0347“-  0 
0848— X>Y 
fl  ft  4 4 — 0 

W85U—  8 

0851—  6 

0852—  4- 
0353—  1 
0854—  UP 
0355—  b 

0856—  + 

0857 —  YTO 
0358—  b 

_0859 — GTO- 
0860--  0 

0361—  e 

0362- -  3 

0863—  0 

0864—  2 

0865—  RUP 

0866 —  XEY 

0367 

0868— YTO 
0369—  ft 

“0870 — XFR” 
0871  — IHD 

0872—  a 

0873—  XTO 
0374—  5 
0875—  8 
0376— RUP 

0877 

03.73—  1 
0879— RUP 

"0880—  + “ 

0881—  YTO 

0882—  ft 

0883—  XFR 
0884  — I HD 
0885—  a 
0836— XTO 

0887—  0 

0888—  5 

0889 — 9 
"0390—  2 “ 

0891—  + 

0892—  YTO 
0693 — ft 
0394— XFR 

0895—  IHD 

0896— -  0 

0897—  XEY 
0398— Xf  R 
0899—  5 
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STEP  | KEY 

0900—  9 
0901 

0902—  DH 

0903—  XEY 

0904—  DIV 

0905—  XFR 

0906—  5 

0907—  8 

0908—  UP 
_09O9 — XFF 

0910—  1 

0911—  O 

0912 

0913—  B1 

0914—  X 

0915— XFF 

0916—  5 

0917—  9 

0918—  + 

0919—  1 
"092O—  . 

0921—  6 

0922—  3 

0923—  7 

0924—  3 

0925—  YTi 

0926—  1 

0927—  1 

0928—  Ul 
_0929 — B 

0930— -B.I 

0931—  XF 

0932—  1 

0933—  8 

0934—  FM 
8935— FH 

0936—  fl 

0937—  l. 

0938—  XT 

0939—  . 
"0940— FMT' 

0941—  PUT 

0942—  Bli 

0943—  FMT 

0944—  FMT 

0945—  I HD 

0946—  I 

0947—  N 

0948—  B 

0949—  CLX 


STEP 

KEY 

STEP 

KEY 

STEP  | 

KEY 

8954-- 

IVhJS-. 

0956- 

0957- 


0964—1 


097O—1, 


1600— 
tool--: 
1002— 
1003— 
1004  — 

loos—: 
long— 
1007— 
1008  — 
1009— 
“ 10 10 — 

1011 

1012 — 

1013— 

1014 — 
1015  — 
1016 — 
1017  — 

101© 

1019 — 

“1020 — 
1021  — 
1022— 
1023— 
1024  — 

1025 — 

1026- 

1027- 

1028- 

1029- 

1030- 

1031- 

1032- 

1033- 

1034- 

1035- 

1036- 

1037- 

1038- 

1039- 
"1040- 

1041- 

1042- 

1043- 

1044- 

1045- 

1046- 

1047- 

1048- 
104  9- 


1050-- 

1051  — 

1052— 1 

1053— -I 

1054— 

1055— : 
1 856-- 

1057— : 

1058 — 

1059— 
'1060— 

1061  — 
1062— 
1063— 
1064  — 

1065— 

1066- - 

1067— 

1 068- - 
1069  — 

"1070-- 
1071  — 

1072— 

1073— 
1074  — 

1075— 

1076- 
1-077- 
1078- 

_1079- 

1880- 

1081- 

1082- 

1083- 

1084- 

1085- 

1086- 

1087- 

1088- 
1089- 

“1090- 

1091- 

1092- 

1093- 

1094- 

1095- 

1096- 

1097- 
1098“ 
1099- 


1100  — 
1101--' 
1102-- 
1 1 03 — 
1 1 04  — 
1 105--: 
1106  — 
1107  — 
1108— 
1 109— 

"11 10 

1111 

1 1 12 — 
1113— 

nu- 
ll is— 
1116— 

1117— 

1118— 
1119  — 

”1 120 — 
1121  — 
1 122 — 

1123- 

1124- 

1125- 

1126- 

1 127- 

1128- 
1129- 

“11  So- 
il 3 1 - 

1132- 

1133- 

I nu- 
ll 35- 

1136- 

1137- 

I I se- 
ll 39- 

"1140- 

1141- 

1142- 

1143- 

1144- 

1145- 

1146- 

1147- 

1148- 
1149- 


1150-- 
1151  — 

1152— 

1153— : 
1154  — 

1155— 

1156— 

1157— 

1158— 
1159  — 

' 1 1 60-- 

mn- 

ii  62— 

1163— 

1164- 
1165  — 
1166— 

1167— 

1168— 
1169— 

-1170— 

1171- 

1172- 

1173- 

1174- 

1175- 

1176- 

1177- 

1178- 

1179- 

_1 1 SO- 

11  8 1 - 
1182- 
1183- 
1134- 

1185- 

1186- 
1187- 
1 1 SS- 
ll  89- 

"1190- 
1191- 
11  Se- 
ll 93- 

1194- 

1195- 

1196- 

1197- 

1198- 

1199- 


STEP  KEY  STEP  KEY  | STEP  KEY  | STEP  | KEY 


1200  — 
1201-  • 
1292— 
12C3— 
1-204— 

1205— 

1206— 

1207— 

1208 — 
1 209- - 

"1210 — 
1211  — 
1212 — 

1213- 

1214- 


1250  — 

1251  — 

1252— 

1253— 

1254— ' 

1255— 

1256— : 

1257— 

1258— 
1253—1 

"1260— 
1261  — 
1262—1 
1263—: 
1264  — 

1265— 

1266— 

1267— 


1300 — X 

1301—  OH 

1302—  XEY 

1303—  4- 

1304—  XFR 
1..05—  5 

1306—  UP 

1 307—  XFR 
1303—  2 

.1309—  0 . 

1310—  X 

1311—  DH 

1312—  + 

1313—  XFR 

1314—  5 

1315—  7 

1316—  0 

1317—  X 


- 5 

- 5 
•-RUP 

- 2 
— RUP 
— RUP 
— X<Y 
— 1 
— 2 

— 4 

— y 

— l 
—RUP 
—RUP 
— KEY 

— 0 


1268— I HD 

1318— XFR 

1269—  ft 

1319—  5 

1270— RUP" 

“1320—  7 “ 

1271—  + 

1321—  UP 

1272— XFR 

1322— XFR 

1273—  8 

1323—  S 

1274—  X 

1324—  X J 

1275  — XFR 

1325— XFR 

1276—  5 

1326—  1 

1277—  4 

1327—  9 

1278—  » 

1 32P—  X 

1.279— YTO 

1329— YTO 

■1280—  5 ~ 

“1330—  5 “ 

1281— XFR 

1331—  9 

1282—  5 

1232—  DN 

1283—  7 

1333— XFR 

1284— XS(t 

1334—  5 

1285—  X 

1335—  7 

1286— XFR 

1336— XSQ 

1287—  2 

1337—  UP 

1283—  1 

1 338— XFR 

1289—  X 

1 339--  6 

-1290— XFR- 

-1340—  X ■ 

1291—  6 

1341— XFR 

1292—  UP 

1342—  2 

1293— XFR 

1 343--  1 

1294—  1 

1344—  X 

1295—  9 

1345— YTO 

1296—  X 

1346 

1797 — XFR 

1347—  S 

1 -98 — 5 

1346—  9 

;?99—  7 

1349— XFR 

1350 — 

1351  — 

1 352  — 

1353  — 

1354— 

1355— 

1356— 

1357— 

1358— 

1359— 
'1360- 

1361- 

1362- 

1363- 

1364- 

1365- 

1366- 

1367- 

1368- 

1369- 
"1370- 

1371- 

1372- 

1373- 

1374- 

1375- 

1376- 

1377- 

1378- 

1379- 
“1380- 

1381- 

1382- 

1383- 

1384- 

1385- 

1386- 

1387- 

1388- 

1389- 
“1390- 

1391- 

1392- 

1393- 

1394- 

1395- 

1396- 

1397- 

1398- 

1399- 


- DH 
-XEY 

- + 
-XFR 
- 1 

- 4 
-CHS 

- X 
-YT0 

- 2 “ 

- 9 
-XFR 

- 1 

- UP 
-XFR 

- 3 

- X 
-XFR 

- 2 

- UP" 
-XFR 

- 7 

- X 

- DH 


STEP  KEY  STEP  KEY 


1400—  3 1 450— XFR 

1401—  X 1451—  4 

1402—  DH  1452—  3 

1403 1453— X*Y 

1404—  XFR  1454—  l 

1405—  5 1455—  5 

1406 — 7 1456--  0 

1407—  0 1457—  2 

1408—  X 1458—  DH 

1409 —  XFR. _1459 — X> Y 

'1410—  5 1460—  1 

1411—  e 1461—  4 

1412—  + 1462—  7 

1413—  YTO  1463—  1 

1414—  3 1464—  . 

1415—  0 1465—  1 

1416—  XFR  1466— CTO 

1417—  5 1467—  1 

1418—  2 1468—  4 

1419—  UP  1 469 — 7 

”1420 — XFR""  "1470 — 4 

1421—  5 1471—  . 

1422—  7 1 472--  1 

1423—  0 1473 — CHS 

1424—  X 1474—  UF 

1425—  XFR  1475— XFF 

1426—  5 1476—  4 

1427—  1 1477—  4 

1428—  + 1478— XT< 

1 429— -XFR 1479 — 4 

1430— -  5 1 4 SO — 5 

1431  --  7 1481—  YT( 

1432—  H 1482—  4 

1433—  X 1 483--  4 

1434 —  YTO  1484— XE 

1435—  3 1485—  + 

1436—  1 I486— YT 

1437—  XFR  1487—  4 

1438—  3 1468—  3 

1439—  0 1489— XE 

"1440—  + 1 4 SO — XF 

1441—  XFR  1491—  5 

1442—  2 1492—  7 

1443—  9 1493—  + 

1444—  + 1494— YT 

1445—  0 1495—  5 

1446—  YTO  1 496--  7 

1 447— -  3 1497— CT 

1448—  2 1498—  1 

1449—  UP  1499—  S 


.08 


STEP  j KEY 


1500- 

l?Ot- 

150:- 

1503- 

1504- 

1505- 

1506- 

1507- 

1508- 
.1509- 

1510- 

1511- 

1512- 

1513- 

1514- 

1515- 

1516- 

1517- 

1518- 
.1519- 

1520- 

1521- 

1522- 

1523- 

1524- 

1525- 

1526- 

1527- 

1528- 
J.1529- 

1530- 

1531- 

1532- 

1533- 

1534- 

1535- 

1536- 

1537- 

1538- 

1539- 
'1540- 

1541- 

1542- 

1543- 

1544- 

1545- 

1546- 

1547- 

1548- 

1549- 


5 

1 

XFR 

4 

6 

X=Y 

1 

5 

6 

2 . 
DM 

X>Y 

1 

5 

2 

4 


1 

GTO 
■ 1 
5 
2 


- 0 
- 1 
-CHS 

- UP 
-XFR 

- 4 

- 7 
-XTO 

- 4 

- 8 
-YTO 

- 4 

- 1 
-KEY 
- + 
-YTO 

- 4 

- 6 
-XEY 
-XFR 

- 5 

- 7 

- + 
-YTO 
- 5 


STEP  KEY 


1550— 
1551  — 

1 552 - 

1 553- 

1554- 

1555- 

1556- 

1557- 

1558- 

1559- 

1560- 

1561- 

1562- 

1563- 

1564- 

1565- 

1566- 

1567- 

1568- 

1569- 

1570- 

1571- 

1572- 

1573- 

1574- 

1575- 

1576- 

1577- 
1573- 
1579- 

'1580- 

1581- 

1532- 

1533- 
1584- 
1535- 
1586- 
1537- 

1588- 

1589- 
"1590- 

1591- 

1592- 

1593- 

1594- 

1595- 

1596- 

1597- 

1598- 

1599- 


7 

PSE 

• 

2 

:to 

i 

9 

3 

7 

GTO 

1 

0 

5 

4 

FMT 

FMT 

M 

E 

C 

H 

CNT 

tl 

0 

M 

p 

fi 

XTO 

FMT 

-XFR 

- 3 

- 0 
-PHT 

- UP 
-XFR 

- 2 

- 9 
-FMT 
-FMT 

- fl 

- E 

- a 

- 0 
-CRT 

- M 

- 0 

- M 

- E 

- H 
-XTO 
-FMT 


STEP  KEY 


1600- 

1601- 
1602- 
1 €03- 

1604- 

1605- 

1606- 

1607- 

1608- 
1609 
1610- 
1611- 
1612- 
1613 

1614- 

1615- 

1616- 

1617 

1618 

1619- 

1620- 
1621- 
1622 
1623 

1624- 

1625- 

1626- 
1627- 
1628 
.1629- 

1630- 

1631- 

1632- 

1633- 

1634- 
1635 
1636' 

1637 

1638 

1639 
‘1640 

1641 

1642 

1643 

1644 

1645 

1646 

1647 

1648 

1649 


PMT 

+ 

XFR 

3 

1 

+ 

FMT 

FMT 

- E 

- YE_ 
XTO 

a 

fl 

-YTO 

-CHT 

- M 

- 0 

- M 

- E 

- N 
-XTO" 
-FMT 
-PNT 

DM 

FMT 

FMT 

-YTO 

-1/X 

- M 
-CMT. 

0 
F 

-CNT 

- M 

- 0 

- M 

- E 

- M 
-XTO 
-YTO 
-FMT 
-PMT 
-XFR 

- 5 

- 7 
-FMT 
-FMT 
-XTO 

- ft. 

- I 


STEP  KEY 


1650- 

1651- 

1652- 

1653- 

1654- 

1655- 

1656- 

1657- 

1658- 

1659- 

1660- 
1661- 
1662- 

1663- 

1664- 

1665- 

1666- 

1667- 

1668- 
1669- 
'1670- 

1671- 

1672- 

1673- 

1674- 

1675- 

1676- 

1677- 

1678- 

1679- 
'1680- 

1681- 

1682- 

1683- 

1684 

1685 

1686 

1687- 

1688- 
1689- 

'1690 

1691 

1692 

1693- 

1694- 

1695- 

1696 

1697 

1698 

1699 


M 

CMT 

ft 

M 

G 

L 

E. 

CMT 

ft 

XTO 

C 

■« 

FMT 

PMT 

FMT 

FMT 

C 

L 

FMT 

UP 

XSG- 

XEY 

UP 

XFR 

1 

9 

X 

DM 

PMT 

UP 

XFR 

1 

■ 4 

- X 

- DM 
-FMT 
-FMT 

- ft 
E 

- ft 

- 0 * 
-CMT 

- L 
I 

- F 
-XTO 
-FMT 
-PMT 
-XTO 

- F. 


STEP  KEY 


17C0- 
1701  — 

1702- 

1703- 

1704- 

1705- 

1706- 

1707- 

1708- 
.1709- 

1710- 

1711- 

1712- 

1713- 

1714- 

1715- 

1716- 

1717- 

1718- 

1719- 

1720- 

1721- 

1722- 

1723- 

1724- 

1725- 

1726- 

1727- 
1728 


- 3 


XFR 

2 

1 

X 

XFR 

2 

0 

t 

XFR. 

1 

4 

XEY 

X 

FMT 

FMT 

C 

D 

FMT 

PMT 

DM’ 

FMT 

FMT 

D 

a 

fl 

G 

FMT 

PUT 


STEP!  KEY 


1750- 

1751- 

1752- 

1753- 

1754- 

1755- 

1756- 

1757- 

1758- 

1759- 

1760- 

1761- 

1762- 

1763- 

1764- 

1765- 

1766- 

1767- 

1768- 

1769- 

1770- 

1771- 

1772- 

1773- 

1774- 

1775- 

1776- 

1777- 


PMT 

UP 

XFR 

5 

8 

+ 

DM 

FMT 

FMT 

XTO 

0 

XTO 

• 

L 

I 

F 

XTO 
FMT 
PNT 
YTO 
5 ’ 
8 

UP 

XFR 

1 

UP 

XFR 

5 


1778—  O 


1729—  UP  1 

1779—  + 

1730— XFR" 

-1780— FMT" 

1731—  2 

1781— FMT 

1732— FMT 

1782— YTO 

1733— FMT 

1783  — 1/X 

1734—  G' 

1784—  M 

1735—  a 

1785— X>Y 

1736—  0 

1786—  E 

1737— YTO 

1 787--  YE 

1733— YTO 

1788— XTO 

1739— CUT 

1789—  a 

i?40T-  B " 

-1790—  fl  - 

1741  — 1/X 

1791— X>Y 

1742--  0 

1792— HID 

1743— XFR 

1793— XTO 

1 7 4 4 - - . 

17-94— YTO 

1745—  L 

1795— 

1746—  I 

1796— FMT 

1 74  7—  F 

1797— PMT 

1748— XTO 

1798—  DH 

1 7,io_..pMT 

1 799— FMT 
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STEP 

KEY 

STEP 

KEY 

STEP 

KEY 

STEP 

KEY 

STEP 

KEY 

STEP 

1800- 

—Fill 

1850 

--  A 

1900 

— 7 

1950- 

- B 

2000 

— 4 

1801- 

-XTO 

1851 

— N 

1901 

—XFR 

1951- 

- 4 

•2001 

— FMT 

- 0 

1852 

--  G 

1902 

— 1 

1952- 

-FMT 

2002 

— FMT 

1803- 

-XTO 

1353 

— L 

1903 

— 0 

1953- 

- K 

2003 

— XTO 

1804- 

• 

1354 

— E 

1904 

— UP 

1954- 

-CLX 

2004 

--  ft 

1805- 

- 1 HD 

1355 

—CUT 

1905 

—XFR 

1955- 

- 0 

2005 

— I 

1808- 

- E 

1356 

—XTO 

1906 

— 1 

1956- 

-XTO 

2006 

--  M 

1807- 

- I 

1357 

— 0 

1907 

"■*  5 

1957- 

- ft 

2007 

--CUT 

1808- 

- G 

1358 

—CUT 

1903 

— X=Y 

1953- 

-XTO 

2003 

--  A 

1309- 

- H 

1359 

— H 

1.1909 

— 1 

_1959- 

- b 

2009 

--  U . 

“1310- 

-XTO 

1360 

— 0 

1910 

— 9 • 

I960- 

-FMT 

2010 

--  G 1 

1311- 

-FNT 

1861 

— a 

1911 

— 3 

1961- 

-FMT 

2011 

— L 

BfUS 

-PUT 

1862 

— I 

1912 

— 4 

1962- 

- J 

2012 

— E 

KHe£ 

- “ 

1863 

— XSQ 

1913 

— XEY 

1963- 

2013 

— SFL 

1814- 

-XFR 

1864 

— 0 

1914 

— UP 

1964- 

- B 

2014 

- 5 

1865 

— U 

1915 

—XFR 

1965- 

2815 

— 2 

■ ilLl 

- ft 

1866 

—FMT 

1916 

— 1 

1966- 

-I  HD 

2016 

— EEX 

-XEY 

1867 

— PUT 

1917 

— 6 

1967- 

2017 

— 0 

1813- 

-FMT 

1363 

—PUT 

1918 



1968- 

-CUT 

2018 

—CLR 

1319- 

-FtlT 

1869 

-PUT 

1919 

- DU 

1969- 

-CUT 

2019 

—YTO 

1820- 

- H 

1870 

-XFR 

1920 

— X>  Y“ 

1970 

2020 

—XTO 

1821- 

- E 

1871 

- 9 

1921 

— 1 

1971- 

- 6 

2021 

— ft 

1822- 

-XTO 

1872 

- UP 

1922 

— 9 

1972 

2022 

— 0. 

1823- 

-CUT 

1373 

- 1 

1923 

— 2 

1973 

- 0 

2023 

— XTO 

1824- 

- L 

1874 

- + 

1924 

— 6 

1974 

- 0 

2024 

— CUT 

1825- 

- I 

1875 

-YTO 

1925 

— DU 

1975 

- 5 

2025 

— A 

1828- 

- F 

1376 

- 0 

1926 

—XTO 

1976 

-CLR 

2026 

— N 

1827- 

-XTO 

1877 

- ft 

1927 

— 1 

1.977 

'-CLP, 

2027 

— E 

1823- 

-FMT 

1378 

- 9 

1923 

— 0 

1978 

-CLR 

2023 

— I HD 

1829- 

-PUT 

1879 

- 1 

1929 

— GTO 

_1 979 

-CLR 

2029 

—FMT 

1830- 

-X  EY 

1380 

- 1 

1930 

— 0 

1980 

—CLR 

2030 

— K 

ft ms 

- A 

1831 

-XTO 

1931 

— 7 

1981 

—FMT 

2031 

—CLX 

1832- 

-FMT 

1832 

- 4 

1932 

— 7 

1932 

--GTO 

2032 

—GTO 

1833- 

-FMT 

1383 

- 3 

1933 

--  7 

1983 

--  0 

2033 

--  0 

1834- 

-XTO 

1334 

-XTO 

1934 

—FMT 

1984 

— 0 

2034 

LU 

1 

I 

1835- 

- 0 

1885 

- 4 

1935 

—FMT 

1985 

--  0 

1836- 

-XTO 

1886 

- 5 

1936 

--  ft 

1986 

--  o. 

1837- 

- A 

1887 

-XTO 

1937 

--  E 

1987 

— X>Y 

1838- 

- L 

1883 

- 4 

1933 

--  A 

1988 

--  2 

1839- 

-CUT 

1839 

- 6 

1939 

— D 

1989 

— 0 _ 

1840- 

- F 

1390 

-XTO“ 

“1940 

—XFR 

1990 

--  0 

1841- 

- 0 

1891 

- 0 

1941 

—CUT 

1991 

--  1 

1842- 

- ft 

1892 

- 4 

1942 

— U 

1992 

--  DM 

1843- 

- C 

1393 

- 8 

1943 

- E 

1993 

—XFR 

1844- 

- E 

1894 

- 0 

1944 

— YE 

1994 

— 6 

1845- 

-FMT 

1395 

-XTO 

1945 

—XTO 

1995 

--  0 

1846- 

-PUT 

1896 

- 4 

1946 

— CUT 

1996 

--GTO 

1847- 

-KEY 

1897 

- 4 

1947 

--  if 

1997 

--  1 

1848- 

-FMT 

1898 

-XTO 

1948 

--  a 

1998 

— 0 

1849- 

-FMT 

1899 

- 4 

1949 

--  o 

1999 

“*■  5 
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3.5.7  SAMPLE  INPUT /OUTPUT  PRINT 


The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solu- 
tion. For  a discussion  of  the  particulars  of  this  problem,  see  Section  4. 


PROG, #76.005 
TRIM*  DECR. ALTS. 
FAM.2  T . BfiLLOOH 
45000.000* 
970.0OO* 
83.700* 

IF  THERE  ARE  HO 
EXTRA  WEIGHTS 
ENT.rf  IM  X 
OTHERWISE, ENTER 
WT.IN  2, Y IM  Y 
X IN  X 

ENT. tf  IN  X AFTER 
ALL  WEIGHTS  ARE 
ENTERED 

250.000 

-31.90O 

26.-600 

ALT. WIND  PROFILE 
ENT.rf  IN  X AFTER 
SURF. ENTRY ' 

1 . 000 

14000.000 

25.000 

2.000 

13000.000 
25.0-0O 

3.  000 

10000.000 

60.000 

4.000 

8000.000 

-15.000 


5.000 

5000.000 
-30. 000 


ALT. 

14000.000 
WIND, KNOTS 

25.0O0 
DYN. PRESS. 

1.379 

BALLONET  FULLNS. 

0.000 

MECH  MOMENT 

8512.252 
AERO  MOMENT 

-8537.371 
EXTRAS  MOMENT 

0.000 

SUM  OF  MOMENTS 
-25.118 
TRIM  ANGLE  RTCK 
7.490 
CL 


0.367 

AERO  LIFT 

640.213 

CD 

0.  146 

DRAG 

254.388 
GROSS  BUOY. LIFT 
1934.099 
TOT. LIFT 

2574.312 
SUM" EXTRA “MTS. 

25O.00O 
TOT. WEIGHT  ' 

1220. 000 

NET  LIFT 

1354.312 
TOTAL  FORCE 

1377.997 

ANGLE  TO  HORIZON 
79.362 


MECH  MOMENT 

9013. 180 
AERO  MOMENT 

-9O09.932 
EXTRAS  MOMENT 

0.000 

SUM  OF  MOMENTS 
3.247 

TRIM  ANGLE  ATCK 
7.570 
CL 


0.371 

AERO  LIFT 

668.716 

CD 

O.  147 

DRAG 

264.448 
GROSS  BUOY. LIFT 
1934.099 
TOT. LIFT 

2602.815 
SUM"  EXTRA"  I, ITS. 

250.OOO 
TOT’.  WEIGHT 

1220. OO0 
NET  LIFT 

1382.815 
TOTAL  FORCE 

1407.875 

ANGLE  TO  HORIZON 
79. 174 


6.000 

4000.000 

-20.000 


12.000 
13522. 0OO 
1 000 .000 


ALT. 

13000.000 
WIND, KNOTS 

25. 000 
DYN. PRESS. 

1 . 425 

BALLONET  FULLNS. 

O.  108 


RLT. 

12000. 000 

WIND, KNOTS 

36.667 
DYN. PRESS. 

3.  167 

BALLONET  FULLNS. 

0.211 
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ALT. 

"ALT. 

10000.000 

5000.0G0 

UINDjKNOTS 

UINDjKNOTS 

60.000 

-30.000 

DYN. PRESS. 

DYN. PRESS. 

9.041 

2.63-7 

BALLONET  FULLNS. 

BALLONET  FULLNS. 

0.405 

0.822 

MECH  MOMENT 

MECH  MOMENT 

10-07.353' 

9743.951 

AERO  MOMENT 

AERO  MOMENT 

-10S34.0SO 

-9759.7S4 

EXTRAS  MOMENT 

EXTRAS  MOMENT 

0.000 

0. 000 

SUM. OF  MOMENTS 

SUM  OF  MOMENTS 

-46.727 

-15.833 

TRIM  ANGLE  ATCK 

TRIM  ANGLE  ATCK 

4.480 

5.930 

CL 

CL 

0.220 

0.291 

AERO  LIFT 

AERO  LIFT 

2510.905 

969.242 

CD 

CD 

0 . 1 20 

0..  131 

DRAG 

DRAG 

1375.439 

436.862 

GROSS  BUOY. LIFT 

GROSS  BUOY. LIFT 

1934.099 

1934.099 

TOT. LIFT 

TOT. LIFT 

4445.004 

2903.342 

SUM "EXTRA "UTS. 

SUM' EXTRA-UTS. 

250.000 

250.008 

TOT. HEIGHT 

TOT. HEIGHT 

1 220 . 000 

1 220 . 000 

NET  LIFT 

NET  LIFT 

3225.004 

1683.342 

TOTAL  FORCE 

TOTAL  FORCE 

3 5 0 6.  • 0 "i 

1739. 105 

ANGLE  TO  MORI  EON 

ANGLE  TO  HORIZON 

66. 902 

75.452 

ALT. 

4300.000 
M I HD > KNOTS 

-20.000 

DYN. PRESS. 

1.20? 

BALLONET  FULLNS . 

0.  895 

MECH  MOMENT 

8492.403 
AERO  MOMENT 


EXTRAS  MOMENT 

0 . 000 

SUM  OF  MOMENTS 
20. 149 
TRIM  ANGLE  ATCK 
7.990 
CL 

0.392 

AERO  LIFT 

597.93S 

CD 

0.  151 

DRAG 

231.115 
GROSS  BUOY. LIFT 
1 934 . 099 
TOT. LI  FT 

2532.057 
SUM "EXTRA "UTS. 

250 . Con 
TOT. UEIGHT 

1220. QUO 
NET  LIFT 

1312.03? 
TOTAL  FORCE 

1 332.237 

ANGLE  TO  HORIZON 
80 . 0 1 0 


READY  NEXT  PROP. 
J . 0 . II . 78.005 
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3.5.8  NOTES 


A.  If  incorrect  data  is  entered,  do  not  press  STOP  END  to  restart  program. 
For  a proper  restart,  clearing  all  registers,  press  the  following: 

STOP 

GO  TO 

1 

9 

3 

4 

CONT 

B.  Extra  Weight  entry,  STOPS  8,  9 

The  payload  weight  can  be  included  here  if  desired.  It  will  not  affect  the  trim 
angle  if  located  at  the  confluence  point: 

(X)  (Y)  (Z) 

STOP  8 (or  9):  XCP  YCP  Wtp 

It  will  affect  the  net  lift  and  hence  the  total  force  and  its  angle. 

C.  Altitude -Wind  entries  STOPS  10,  11 

1.  First  wind  entry,  STOP  10,  must  be  Point  No.  1 in  (Z),  starting 
Max  altitude  (Ballonet  empty)  in  Y,  and  the  wind  at  that  altitude 
in  X. 

2.  Up  to  12  more  Alt -Wind  Points  may  be  entered  (STOPS  11)  to  define 
the  wind  profile  from  max  altitude  to  the  surface. 

3.  The  last  entry  must  be  the  surface  altitude  and  surface  wind. 

4.  A "v"  is  then  entered  to  cause  the  program  to  continue  on  to 
STOP  12. 

D.  This  program  was  written  for  a Family -2  Balloon  Design.  It  was  tailored 
for  a 45,000  CF  size  with  several  constants  for  this  size  built  into  the  program. 
Should  any  of  these  differ  when  an  actual  45,000  CF  balloon  is  flown  and  measure- 
ments made,  the  following  table  indicates  what  step  numbers  in  the  program  should 
be  changed.  The  table  also  indicates  the  changes  required  to  make  a universal 
program  for  any  size  Family-2  balloon. 
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E.  Conversely,  several  parameters  left  as  entries  might  be  desired  as  fixed 
inputs  when  only  one  specific  45,000  CF  balloon  (or  other  size)  is  being  investi- 
gated. The  volume,  weight,  and  envelope  length  may  be  made  fixed  by  the  follow- 
ing key  strokes: 


To  Modify  for 

To  Generalize  for 

Continued  45,000 

Any  Size  i 

As  Written 

CF  Use 

Family-2  Balloon 

Step  No. 

Key 

K eg 

KeZ 

1, 

i 

0388 

2 

X of  Confluence 

n | 

Insert 

4 

f 

Stop  No.  4 

0389 

6 

Point  = 26.  6 ft 

n \ 

Mod. 

t 

0390 

• 

a. 

u 

K 

H 

i 

Dist. 

STOP 

EntXCPinX  5 

0391 

6 

n ) 

PNT 

* 

0397 

3 

Y of  Confluence 

n > 

| Insert 

5 

Stop  No.  5 

0398 

1 

Point  = 3 1. 9 ft 

n 1 

| Mod. 

t 

0399 

• 

= YCP 

• 

i 

/Dist. 

t 

! 

j 

0400 

9 

n 1 

1 

STOP 

Ent  YCPinX  ' 

0401 

ChgS 

Chg  S, 

* 

PNT 

* 

1 

f 

0407 

5 

X of  Center  of 

n ) 

Insert 

6 

l 

Stop  No.  6 j 

0408 

7 

Gravity  = 57.3  ft 

n 

Mod. 

t 

! 

0409 

• 

= XCG 

* 

Dist. 

STOP 

EntXj-.ginX 

0410 

3 

PNT 

0417 

2 

Y of  Center  of 

n ) 

1 Insert 

7 

Stop  No.  7 

0418 

• 

Gravity  = 2. 5 ft 

Mod. 

-r 

0419 

5 

O 

u 

i H 

II 

" ( 

Dist. 

STOP 

EntYCGinX 

0420 

Chg  S 

ChgSj 

PNT 
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Step  No. 

Key 

Step  No. 

Key 

Step  No. 

Key 

0353 

n ^ Vol 

0363 

2 

0373 

1 

0354 

n I of 

0364 

T 

0374 

n 'j  wt 

0355 

n > Balloon 

0365 

3 

0375 

0356 

n | 

0366 

• 

• 

0376 

n { Balloon 

0357 

n ] 

0367 

i 

0377 

n ) 

0358 

n / 

0368 

x^y 

0378 

X-> 

0359 

X-» 

0369 

xY 

0379 

1 

0360 

4 

0370 

x-* 

0380 

CNT 

0361 

2 

0371 

0 

0381 

n\ 

0362 

T 

0372 

4' 

0382 

n 

0383 

n \ c 

0384 

"( 

0385 

0386 

X-» 

0387 

8 

The  ballonet  volume,  v,  is  incorporated  by  the  following  changes: 


Step  No. 

Key 

Step  No. 

Key 

0753 

n 'j  Vol. 

0763 

STOP 

0754 

n!  of 

0764 

X^Y 

0755 

n | Balloon 

0765 

PNT 

0756 

n V 

0766 

X-* 

0757 

n) 

0767 

5 

0758 

X-> 

0768 

7 

0759 

0 

0769 

Y -» 

0780 

CNT 

0770 

1 

0761 

1 

0771 

6 

0762 

2 

0772 

XC,Y 

0773 

PNT 

Entry  a in  Y,  AZ  in  X 


If  a volume  oth*3r  than  45,000  CF  was  being  considered,  the  modifications 
shown  ir.  Note  D must  also  be  made. 
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3.6  Program  No.  76.006  - Telher  Cable,  2-Dimen»iorul  Ca»e,  Variable  Wind  Profile, 

Optional  Internal  Variable  Drag  Coefficient 

3.6.1  GENERAL  DESCRIPTION 

In  the  flight  of  a tethered-balloon  one  is  typically  concerned  about  the  ability 
of  the  balloon  (a)  to  lift  the  weight  of  the  cable,  (b)  to  retain  a reaso:.\&b  e magni- 
tude of  cable  tension  at  the  ground,  (c)  to  keep  the  cable  tension  at  the  ‘ op  within 
a safe  limit,  and  (d)  to  keep  the  balloon  within  a reasonable  definition  of  the  word 
"overhead"  under  varying  conditions  of  altitude  and  wind. 

All  of  the  forces  introduced  by  the  balloon  can  be  summed  up  into  one  force  and 
its  angle.  This  total  force,  F^,,  and  the  angle  6,  can  be  computed  by  Program  No. 
76.  003,  76. 004,  or  76. 005.  These  two  parameters  are  then  treated  as  inputs  to 
this  cable  Program  No.  76.  006. 

The  basic  forces  acting  on  the  cable,  in  addition  to  the  total  force,  Frp,  acting 
at  the  top  of  the  cable,  are  the  aerodynamic  drag  and  the  cable  weight.  The  weight 
is  easily  specified. 

The  drag  is  more  difficult  since  it  is  a variable  function  of  atmospheric  density, 
wind  velocity,  and  cable  diameter.  In  addition,  since  the  program  was  intended 
for  use  to  altitudes  up  to  65, 000  ft,  the  effect  of  Reynold's  Number  on  drag  coef- 
ficient could  not  be  ignored.  Accordingly,  an  option  was  permitted  in  the  operation 
of  the  program  to  permit  the  user  to  either  specify  a cylinder,  CD,  or  to  allow  the 
program  to  compute  a CD>  The  former  is  held  constant  for  all  conditions  while 
the  latter  varies  with  altitude-wind-velocity-diameter,  per  Section  3. 6.  2. 

In  concept,  the  cable  is  broken  into  rigid  elements  of  a specified  length,  K, 
and  the  forces  acting  on  this  length  evaluated  to  obtain  a magnitude  and  angle  which 
the  next  lower  element  must  align  with  and  provide  equal  restraint.  Thereby,  a 
series  of  outputs  if.  possible  at  each  of  many  points  proceeding  downwards  from  the 
balloon  to  the  surface.  The  cable's  space,  position,  angle,  tension,  and  length 
are  shown  as  outputs. 

Dui'ing  the  downward  progression  of  calculations,  the  cable  tension,  T,  and 
angle,  ft,  are  monitored  for  the  condition  of  zero  tension  or  horizontal  cable. 

Under  such  conditions,  the  balloon  has  not  provided  sufficient  lifting  force  for  the 
size  and  weight  of  cable  involved  and  the  cable  is  said  to  be  unable  to  reach  the 
surface.  For  a given  balloon  and  cable,  a lower  flight  altitude  is  indicated.  If 
such  an  event  occurs  at  the  surface,  the  cable  is  lying  on  the  ground  without  ten- 
sion. Hauling  in  some  cable  would  bring  the  balloon  to  a lower  altitude  and  lift  the 
cable  off  the  ground. 

For  a complete  evaluation,  the  behavior  of  the  tether  cable  during  its  ascent 
or  descent  and  at  its  maximum  altitude  should  be  examined.  Use  of  Program  No. 
76.  003  or  76.  005  to  provide  solutions  for  balloon  F^,  and  9 for  maximum  and 
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intermediate  altitudes  is  suggested*  fi&fch  of  these  solutions  using  the  appropriate 
altitude  and  wind  as  the  starting  VaiUeS  ift  Program  No.  76.  006  will  provide  the 
complete  analysis,  it  Should  be  cautioned  that  this  program  as  well  as  the  others 
ifl  this  report  provide  answers  for  static  Conditions  and  do  not  attempt  to  consider 
the  dynamics  of  balloon,  cable*  or  system  motion. 

3.  e.  2 development  oe  program  and  equations 

This  tether  cable  program  will  consider  the  2 -dimensional  case  only  Where 
the  wihds,  cable,  ballodtt  and  ground  winch  all  lie  in  the  plane  of  this  paper.  A 
negative  wind  may  be  U&ed  indicating  flow  from  right  to  left,  in  the  diagram  below. 

A.  The  objective  of  the  program  is,  starting  at  the  top  of  the  tether  cable 
where  it  is  attached  to  the  CohflUence  Point,  to  evaluate  its  tension,  angle,  space 
position,  etc.  moving  downward  tc  the  earth's  surface.  Consider  the  cable  as  a 
series  of  rigid  cylindrical  elements  of  length,  K,  attached  by  freely  pivoting  con- 
nectors, Consider  the  wind 


Assume  no  moments  are 
produced  on  Short  element  K. 

L Forces  in  Horiz.  Dir  on  1st 
Element 

(1)  Ft  cos  9 + Lij  = Tj  cos  9 j 

L Forces  inVert.  Dir.  on  1st 
Element 

(2)  Ft  sin  0 = Wj  + Tj  sin 


be  constant  over  length,  K, 


In  considering  drag  due  to  wind,  one  method  would  require  a table  of  cylinder 
Op  values  vs  pitch  angles.  Since  CD  is  also  affected  by  R (Reynolds  No),  such  a 
double  variable  table  would  be  cumbersome.  Instead  a pitch  angle  of  0a  will  be 
assumed  and  a wind  component  flow  concept  similar  to  wing-sweep  will  be  utilized. 
This  breaks  the  wind  into  a component  normal  to  the  cylinder  as  the  drag  producer 
and  assumes  that  the  other  component  parallel  to  the  cylinder  produces  a negligible 
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skin  friction.  (Note:  this  may  be  improper  at  supercritical  values  of  R but  is 
better  than  neglecting  pitch  or  assuming  that  C ^ is  a constant,  a difficulty  of  other 
more  simple  programs. ) 

Therefore 


WIN0=V 


V.T  = V sin  e 
N 


Dr  = Dt  sin  9 
Dw  = Dt  cos  e 


pvNd 


(3)  DT=  CDqA=  CdA^  Vn2=  CDApl2  V2  (sin  0>2 

(4)  Dh  = CdA  p/2  V2  (sin  9)3  = CD  qA  (sin  0)3 

(5)  Dw=CDAp/2  (sin  0)2  cos  9 = CD  qA  (sin  0)2  cos  9 

p v P 

However,  the  use  of  VN  will  be  required  in  calc,  of  Rn  = — - — and  ^ = 2 VN 

(6)  DT=CDAp/2VN2  = CDAqN 

(7)  Dh  = CDA  p/2  VN2  sin  9 = CqA  qN  sin  9 

(8)  Dw  = CDAp/2  VN2  cos  9 = CpA  qN  cos  9 
Eq.  (1)  -*  (9)  Ft  cos  9 + DR1  = Tj  cos  ^ 

Eq.  (2)  ■*  (10)  Ft  sin  9 = + Dwi  + T1sin61 


F„,  cos  9 + D 


(ID  Tj- 


cos  9 


HI 


1 


(12) 


F_  cos  6 + D 


cos  9 


HI 


sin  9 , = F,,,  sin  9 - Wj  - D 


AVI 


(13)  tan 


F„  sin  9 - W 


1 


Avi 


ip  cos  9 + 


Ft  sin  9 - (W.  + DW1) 
(14)  0 j = arc  tan F cos  B ^ 


HI 


F_  cos  6 + D„. 
"5I  T1  ■ cost),  ~ 


«-  Angle  of  next  lower  element 


«-  Tension  at  top  of  next  lower 
element 
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NOTE:  Before  obtaining  values  of  9 ^ and  T 1#  the  space  position  of 
the  bottom  end  of  the  element  is  determined  by: 

Vert.  Displ:  (15)  j1  = K sin  6 
Hor.  Displ:  (16)  h^  =K  cos  9 

Program  proceeds  on  down,  one  K element  at  a time,  until  the  sum  of  the 

j = z-zs. 


pVN  diam. 

B.  Reynolds  No.  vs  Cp  R = 


(17a)  For  R < 1,  assumed  Stokes  condition:  = (10.  9/R)/(.  87  - Log  R) 

To  incorporate  conditions  where  R > 1 into  program,  series  of  straight  lines  on  a 
semi-log  plot  were  used  as  approximations.  At  Rcr  area  used  roughness  cond. 

k/d  = 0.  009  (helgdlam:^)'  Reference  3. 

(17b)  R > 1 CD  = CD  Base  polnt  + Kr  (Log  R - Log  RBa8e  Point>«  This  is  ob- 
tained by  working  from  low  end  of  R towards  larger  values,  and  taking  slopes  of 
Cd~R  moving  left  to  right  on  plot. 

Under  Condition  B,  (R  > 1),  the  following  constants  are  included  in  program 


storage  for  CD  solution. 

p 

Region 

RBase 

DBase 

"CD 

R <S 

1 

12.5 

-10 

nCD 

R <900 

9 

2.  l8 

-1 

nCD 

R <4500 

900 

.98 

0 

nCD 

R <9000 

4500 

.98 

.7308 

nCD 

R <40,000 

9000 

1.2 

0 

nCD 

R <50,000 

40, 000 

1.2 

-4,54 

nCD 

R <250,000 

50,000 

.76 

. 3434 

nCD 

R >250,000 

25,000 

1.0 

0 

3.  Hoerner,  S.  F. 

(1958)  Fluid  Dynamic  Drag,  Publ. 

by  author. 
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” * * 


M 

i 


pvNd 

C.  Coefficient  of  Viscosity,  jx , for  R = — - 

The  1962  Std.  Atm.  values  of  fx  plotted  shows  that,  within  accuracies  needed  in 
this  Op  useage,  2 straight  lines  are  sufficient  to  define  the  variation  of  fx  with 
altitude. 


(18a)  From  Z = 0 to  36,500:  fX  = 1.  205-5  - 6.  84164"11  Z, 

(18b)  From  Z = 36,500  to  66,000:  fX  = • 95528-5  . 


3.6,3  FLOWCHART 


STEPS  0000-0370 
ENTRIES  CONSTS. 
ENTRIES  VARIABLES 
STORE,  PRINT.  ETC. 


"WIND  FIE 

□TeOTTW 

WKNOTS* 

Z,  n 

| 0580 

iZn=  Zn'Zn+l 

Awn=wn+i-w„ 

ZZ  - AWn/Azn 

AZ=  Zn-Z 

_ ’A7dW 

4W0  - HZ" 

v,  = W = W„  + 
fps  n o 

(Wind  table  stored  In 
f,  p.s.  Reconstruct  to 
KNOTS  for  Print  Only)  | 


f*  zW>Zs 


0426  1 
FICT.  PT. 
SETUP 
for  Wind 
I Calc. 
Terming 


0680 

is  v = a. 


VN=VsIne 


No^  0703^  Ye9 
Is  Z<35500^ 


3.  6. 4 OPERATING  INSTRUCTIONS 


KEY  STROKES  ENTRIES 

RUN 

END 

FIX,  2,3, (No.  of 

decimal 

places 

desired) 


CONT 

(X) 

(Y) 

<Z> 

Stop  1-1-1,  Enter; 

n or  cD* 

Zgurf.  («,  MSL) 

^Balloon'  <«•  MSL> 

♦Enter  F.  to  use  built-in  cylinder  Cn  variation  or 
Enter  C_  value  which  will  be  use(rthroughout 
program" 

CONT 

Stop  2-2-2,  Enter; 

0 or  K* 
(Element 
Length) 

Wt/1000  ft  (lb) 
(cable) 

Diam.  (in. ) 
(cable) 

z - z 

♦Enter  0 to  set  K = — § or  Enter  K in  ft 

CONT 

Stop  3-3-3,  Enter; 

9 (deg. ) 
(Angle  to 
Horiz. ) 

Ft  (lb) 
(Balloon  tot. 
Force) 

1 

CONT 

Stop  4-4-4,  Enter; 

Wind  (Knots) 

Z (ft) 

(First  Entry  Z 
Balloon) 

Wind  Entry  Number 
First  Entry  #1) 

CONT 

Stop  4-4-4,  Enter; 

Wind 

Z 

Wind  Entry  Number 

Until,  last  set  of  entries  must  be  for 
Z = Z surface 


CONT 


The  above  entries  will  be  printed  out  in  groups  as  they  are  entered  as  follows; 


B 

ZS 
ii  or  C 


D 


Diam. 

Wt/1000 

K 


Balloon  Altitude,  ft  MSL 

Surface  Altitude,  ft  MSL 

77  to  indicate  internal  use  of  variable  C_ 
CD  to  use  as  constant  CD  u 

Diameter  of  cable,  in. 

Weight  of  1000  ft  of  cable,  lb 

Element  length,  ft  either  K entered  or 
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F,p  Total  balloon  force,  lb 

9 Angle  of  to  horizon,  det 

"Enter  Wind  Field" 


Pi 

t . 


I 


ji 

1 

\ 

ri 

j; 


i 


i 


h 

[1 


: 


r 


1 

Z1 

W 

2 

Z 

W 

3 

Z 

W 


First  wind  entry  No. 

Altitude,  (balloon),  ft  MSL 

Wind,  (at  balloon),  knots 

Second  Entry 

Alt 

Wind 

Third  Entry 

Alt 

Wind 


# Last  Entry  No.  (Max.  11  Sets  of  Entries) 

Zg  Altitude  - (surface) 

W Wind  (at  surface) 

A.  The  following  parameters  are  then  printed  for  each  K element  downward 
to  surface.  NOTE:  To  avoid  print  of  any  or  all  of  these  replace  "PRINT"  with 
"CONT"  at  associated  program  step  numbers. 

STEP 

NO. 


479 

Z 

Altitude,  ft  MSL  of  element  bottom 

530 

j 

Vert.  Dist. , top  to  bottom  of  element,  ft 

534 

n 

Total  Vert.  Dist,,  balloon  to  bottom  of  element 

547 

h 

Horizontal  Dist. , top  to  bottom  of  element,  ft 

551 

Vh 

Total  Horiz.  Dist. , balloon  to  bottom  of  element 

561 

i-K 

Total  element  (cable)  lengths,  ft 

565 

rwtK 

Total  element  (cable)  weights,  lb 

675 

w 

Wind  at  bottom  of  element,  knots,  assumed  acting 
over  length  of  element 

834 

R 

Reynolds  number 

1050 

CD 

Drag  Coefficient 

1083 

q 

Dynamic  pressure,  lb/ft2 

1106 

n>T 

Total  Element  drag,  lb 

1147 

°H 

Horiz  Component  of  Drag,  lb 
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1160 

DW 

Vert.  Component  of  Drag,  lb 

1194 

9\ 

Angle  of  next  element,  deg 

1211 

i 

1202-3 

T1 

Tension,  top  of  next  element,  lb 

1273-4 

(bottom  of  this  elem. ) 

B.  Ending  of  Program: 

When  cable  reaches  m ar  surface 
(<K),  prints  "CABLE  APPROX. 
AT  SURFACE" 


IfT,<0,  prints  If0.<Oi 

"TENSION  IS  prints  "CABLE 

ZERO"  HORIZONTAL" 


Z 


*1 

rj 

T.h 


r.K 

VWtK 

*DW 

r.Dw  + rwt 


Altitude,  ft  (where  T,  = 0) 

(surf)  1 


Angle  at  winch,  " 

deg 

Tension  at  winch  ~0 

Vert.  Dist. , ft  (where  T,  = 0) 

(zB  - zs)  1 

Horiz.  Dist. , ft  11 

(ball.  - winch) 

Cable  Length,  ft  " 

Cable  Weight,  lb  " 

Tot.  Vert.  Comp,  of  " 

Drag,  lbs. 

Sum  Vertical  Forces, 


(where  0 = 0) 


~0 


(where  0^=0) 

It 


II 


II 

II 

II 


II 

II 


3.  6.  5 SAMPLE  INPUT  DATA  FORM 


INPUT 

76.  006 

Altitude,  Max.  Starting,  ZQ 

ft,  MSL 

Altitude,  Surface 

*s 

ft,  MSL 

Cable  Diameter 

in. 

Cable  Weight/ 1000  ft 

lb 

Total  Force 

ft 

lb 

Angle  of  Ft 

e 

deg 

WIND  PROFILE 

Must  use  minimum 
of  2 points.  No.  1 
always  Z„.  Last 
point  always  Zg. 
Max.  No.  of  points: 
11. 

No.  1 

ZB 

Wind 

1 

ft,  MSL 
knots 

No.  2 
Z 

Wind 

2 

No.  3 
Z 

Wind 

3 

No.  4 
Z 

Wind 

4 

No.  5 
Z 

Wind 

5 

No.  6 
Z 

Wind 

6 

No.  7 
Z 

Wind 

7 

No.  8 
Z 

Wind 

8 

No.  9 
Z 

Wind 

9 

No.  10 
Z 

Wind 

10 

No.  11 
Z 

Wind 

11 

From  Output  of 
7 6.003,  4, 
or  5 
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3.6.6  PROGRAM  76.  006  - TETHER  CABLE.  2-DIMENSIONAL 


STEP  ! KEY.  I STEP  KEY  STEP  KEY  STEP  KEY  | STEP  | KEY  | STEp|  KET 


0000— 
0001  — 
0002— 

0003— 

0004— 

0005— 
0000— 
0OO7  — 
0003— 

.0003— 

0010—1 

0011—1 

0012— 

6013— 

0014— 

0015— 

0016— 
0017  — 
0018— 
0019  — 

“0O2O— 
0O21  — 
0022-- 
0O23  — 

0024- 

0025- 

0026- 

0027- 

0028— 
3029- 

0030- - 

0031- 

0032- 
0Q33-- 

0034- - 

0035- 

0036- 

0037- 

0033- 
0039- 

“0040- 

0041“ 

0042- 

0043- 

0044- 

0045- 

0046- 

0047- 
0043- 
0049- 


0055— I 

0056— I 
0057  — 
0058— 
0059  — 
0060— 
0061  — 

0062— 

0063— 

0064— - 

0065— 

0066  — 

0067  — 
0O63— 
0O69-- 

“0870— 

0C71- 

0072- 

0073- 

0074- 

0075- 

0076- 

0077- 
0073- 

10079- 

"0O8O- 

0031- 

0082- 

O033- 

0084- 

0035- 

0036- 

0037- 

0088- 

0089- 
“ 0090- 

0091- 

0092- 

0093- 

0094- 

0095- 

0096- 
0037- 
009S- 
0099- 


0100  — 
0101  — 
0102  — 
0103  — 

0104— 1 

0105— 

0106— 

0107— 

0108— 
0109— 

'0110—1 
0111—: 
0112— 
0113— 
0114  — 

0115— 

0116— 
0117— 
01  IS — 
01 19 — 

“0120 — 
0121  — 
0122 — 

0123 — 

0124 — 

0125 — 

0126 — 
0127  — 
0123— 
0129- 

"013O- 

0131- 

0132- 

0 1 33- 

0134- 

0135- 

0136- 

0137- 
0133- 
0139- 

"0140- 

0141- 

0142- 

0143- 

0144- 

0145- 

0146- 

0147- 
0143- 
0149- 


0150—  1 

0151— -  0 

0152— *-::to 

0153—  7 

0154— -  9 

0155 —  XT0 

0156—  8 
01. >7 — 5 
0158— XTO 

.0159--  0 . 

0160—  9 

0161—  4 

0162—  4 

0163—  5 

0164—  O 

0165—  O 

0166—  XTO 

0167—  0 
0163—  3 

0169—  O 

0170—  . 

0171—  7 

0172—  3 

0173—  O 

0174—  8 

0175—  XTO 

0176—  O 

0177—  8 
017S--  2 

_0179 — 9 

0180—  O 

0181—  O 
01S2--  O 
0183— XTO 
01S4--  O 


0200— 
0201  — 

0202 —  ; 

0203— 
0204  — 

0205- - 

0206 — 
0207  — 
0208— 
02O9— 
0210  — 
0211  — 
0212 — 
0213 — 
0214  — 

0215— 

0216— 

0217  — 

0218  — 

0219 — 

0220 — 
0221  — 
0222— 

0223- - 

0224- - 

0225- - 

0226- 

0227— 

0228- - 
.0229-- 

0230- 

0231- 

0232- - 

0233- 

0234- 


0185—  8 

0235- 

0186--  3 

0236- 

O 1 87--  1 

0237- 

0188—  . 

023S- 

0189—  2 

0239- 

019O— XTO 

024O- 

0191—  8 

0241- 

0192—  4 

024  2- 

0193— XTO 

0243- 

0194—  O 

0244- 

0195—  3 

0245- 

0196—  7 

0246- 

0197 — 4 

0247- 

0193—  O 

0248- 

0199 — O 

■ 0249- 

025O— 
0251  — 

0252— 

0253—  i 

0254—  f 

0255— -I 

0256— : 

0257— 

0258— -I 

0259— I 

0260— : 
0261‘ — 
0262 — 
0263 — 

0264  — 

0265  — 

0266  — 
0267 — 
0263— 

0269- - 

0270- - 
0271  — 

0272— 

0273— 
0274  — 

0275— 

0276— - 

0277— 
027S— 

_0279  — 
0280-- 
0281- 
0282- 

0283- 

0284- 

0285- 

0286- 

0287- 

0288- 
0289- 

' 0290- 

0291- 

0292- 

0293- 

0294- 

0295- 

0296- 

0297- 
0293- 
0299- 


STEP  KEY- 

llilVSfl 

STEP  KEY 

I 

STEP  | KEY 

STEP  KEY 

STEP  KEY 

0300 —  XFR 

0301—  4 

0302 — - 
.0303—  1 

0304—  0 

0305—  0 

0306— 

0307—  0 

0303—  D IV 

0309—  DM 

0310—  PUT 

0311—  UP 

0312—  1 

0313 — 0 

0314—  0 

0315—  0 

031 6— -  UP 

0317 —  XFR 
0313—  7 
03 1 9— KEY 

“0320— D IV* 

0321—  Dil 

0322—  X 

0323—  YTO 

0324—  7 

0325 —  XFR 

0326—  9 

0327—  RUP 

0328—  X 

0329—  XTO 

0330—  5 ‘ 

0331—  YTO 

0332—  0 

0333 — 0 

0334—  8 

0335—  3 

0336—  UP 

0337—  UP 

0338—  SIP 

0339—  YTO 
“034 0--  1 ‘ 

0341 —  XEY 

0342—  PUT 

0343—  YTO 

0344— -  2 

0345 —  XEY 

0346—  PhT 

0347 —  PST 

0348— -XFR 

0349—  3 

03'5O— XTO 

0351—  4 

0352—  1 

0353—  FMT 
0354  — FMT 

0355—  E 

0356—  N 

0357—  XTO 

f 1 *■*  S ft  — — 

-0259— I HD- 

0360—  I 

0361—  N 

0362—  D 

0363—  CNT 

0364—  F 

0365—  I 

0366 — E 

0367—  L 

0368—  D 

0369—  FUT 
“0370—  4 " 

0371- -  UP 

0372 - UP 

0373- -STP 
0374  — RUP 
0375--PMT 
0376  — RUP 

0377—  PUT 

0378—  RUP 

0379—  PUT 
"0380 — PI!T“ 

0331 — YTO 

0382- -  3 

0383—  5 

0384—  KEY 

0385- -  2 

0386—  RUP 

0387- -  X 

0388—  9 

0389- -  + 
-8390— YTO- 

0391—  a 

0392—  XFR 

0393—  3 

0394—  5 

0395— -XT  0 

0396—  I1ID 

0397—  & 

0398—  1 
O 3*9 — + 

0400—  YTO 

0401—  ft 

0402—  RUP 

0403—  XSY 

0404—  XFR 

0405—  3 
O 4 O 6 — 7 

0407—  X 

0408—  YTO 
-0403 — IHB- 

0410 — ft 

0411—  1 

0412  — XTO 

0413  

0414—  * 

0415—  XFR 

041 6— - 1 HD 

0417 — ft 

041 8— -  UP 

0419—  XFR 
"O420—  4 

0421—  X<Y 

0422—  0 

0423—  3 

0424—  7 

0425—  0 

0426—  UP 

0427 — 2 

0428—  XTO 

0429—  + 

0430 — ft 

0431—  XFR 

0432—  5 

0433—  IJP 

0434—  2 

0435—  X 

0436—  DM 

0437 

0438— YTO 
8439—  IMD 

0440 — o.  “ 

0441—  1 

0442—  XTO 

04  43 

0444 — o. 

0445—  XFR 

0446—  IMD 
8447—  o, 

0448—  IJP 

0449- “  2 

0450— -XTO 

0451—  + 

0452—  ft 

0453—  YTO 
8454—  IMD 

0455— “  a 

0456—  XFR 

0457—  2 

0458—  N 

0459— -  UP 

0460—  XFR 

0461—  5 

0462—  X 

0463 —  XFR 

0464—  4 

0465—  1 

0466—  XEY 

046? 

0463— XFR 
0469—  4 

“047O— X>Y“ 

0471—  O 

0472—  4 

0473—  8 

0474—  5 

0475—  YTO 

0476—  4 

0477—  1 

0478—  DM 

0479—  F'MT 

0480—  GTO" 

0481—  0 

0482—  5 

0483—  1 

0484—  1 
8485— XFR 

0486—  6 

0487—  IJP 

0488—  1 

0489—  .0 
-049O— X-Y" 

0491-  1 

0492- -  3 

0493-  1 

0494- -  3 

0495- -XTQ 

0496- -  6 

0497-  XTO 
04  98— DI V 
0499—  5 

0500 —  XTO 

0501—  DIV 

0502—  -? 

0503—  XTO 

0504—  DIV 

0505 — 3 

0506—  GTO 

0507—  O 

0508—  4 

0509 — 5 

0510—  6 " 

051 1—  XFR 

0512—  2 

0513—  H 

0514—  UP 

0515—  XFR 

0516—  5 

0517—  X 

0518—  YTO 

0519—  6 
“0520 — 2 _ 

0521—  YTO 

0522—  + 

0523 — 6 

0524—  3 

0525—  XTO 

0526—  + 

0527—  6 

0528—  4 

0529—  XEY 
"0530— PMT" 

0531—  XFR 

0532— -  6 

0533—  3 

0534—  PHT 

0535—  XFR 

0536—  2 

0537—  M 

0538—  X 

0539—  YTO 
“054O—  6 ‘ 

0541—  O 

0542—  YTO 

0543—  + 

0544—  6 

0545—  1 

0546 — DM 

0547—  PHT 

0548—  XFR 

0549—  6 

0550—  1 

0551—  PHT 

0552—  XFR 

0553—  7 

0554—  XTO 

0555—  + 

0556—  6 

0557—  -6 
0553--XFR 

_0559—  6 _ 

0560— -  4 

0561—  PHT 

0562— -XFR 

0563—  6 

0564—  6 

0565—  PMT 

0566—  CUT 

0567—  CHT 
0563— CUT 
0569— CUT 

“057O— CHT" 

0571—  CHT 

0572—  CHT 

0573—  CHT 

0574—  CH' 

0575—  CH'. 

0576—  CHT 

0577—  CHT 

0578—  CHT 
0579^-CHT_ 
O530—  b 

0581—  UP 

0582—  1 

0583—  + 

0584—  2 

0585—  X 
0536—  9 

0587—  + 

0588—  YTO 

0589—  o. 
"0590— XFR 

0591  — IMD 

0592—  ft 

0593—  UP 

0594—  XFR 

0595—  4 

0596—  1 

0597—  X>Y 
0598  - 0 
0599—  6 
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STEP  KEY  STEP 


0(500—  1 
0601  — 
0(502  — 

0603— 

0604— - 

0605— 

0606—  YTO 


STEP  KEY  STEP  KEY  STEP  KEY  STEP  KEY 


0614  — RUP 
0615— XEY 


061?— YTO 


0619—  XFR 

0620—  IMB 


0622— RUP 

0623—  YTO  I 06 


73— DIV 


0623— RUP 


0630— YTO 


0632— XFR 


0635— XTO 


0641— YTO 


0644  — IHIi 


6- -XEY 

7—  XFR 
3—  3 
3—  6 


0676— YTO 


0681— X=Y 


0690— YTO 


0693— XFR 


70 
70 
70 

0703— X>Y 
?0 
70 


0714  — EEX 


0716—  CHS 

0717—  XTO 


0720— GTO 


U732— EEX 
0 


•-CUT 
—CUT 
T 

•■CUT 
-CUT 
T 
T 

-CUT 
T 
T 
T 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 

-CUT 


0742  — EEX 


0781  — 

DU 

0782— 

DM 

8783— 

XFR 

8784  — 

3 

0785— 

O 

✓ 

0786— 

X 

3787— 

XFR 

0788— 

3 

0789— 

8 

"0790— 

+ 

0791  — 

DM 

0792  — 

X 

8793— 

DN 

0794— 

J 

0795— 

UP 

0796— 

• 

0797— 

O 

0798— 

0 

0799— 

2 

0S05 — YTO 


0863—  XEY 

0864—  DIV 


J20— DIV 


0871— XEY 


0824— XFR  I 0874— DIV 
0875— GTO 
6— 


0834—  PUT 

0835— 

0836—  X 

0837— 

0838— 
0839  — 
-084O— 

0841—  X 

0842— 

0843  — 

0844  — 
0845— 
0646--G 
084  7— 
0848— 


0884— X<Y 


0889- 

- 1 

-0890- 

-XTO- 

0891- 

- O 

0992- 

-GTO 

0893- 

- 1 

0394- 

- 0 

0895- 

- 0 

0896- 

- G 

0897- 

- 0 

0398- 

- 0 

0899- 

- 6 

STEP  I KEY 


STEP  KEY  STEP  | KEY 


0953 — 1' 
095-1— 

0955— 

0956— 
09.57— 
0953— 
0959—1 

"0960— 
0961— « 
0962  — 

0963— 

0964— 

0965— 

0966— 

0967— 
0963 — 
0969— 

"“0970 — 
097 1 — 

0972 — 

0973— 

0974— 

0975— 

0976— 
097  T*- 
0973- 
0979- 

“0930- 

0981- 

0932- 
0983- 

0934- 

0935- 

0936- 

0937- 

0933- 
0989- 

'"0990- 

0991- 

0992- 

0993- 

0994- 

0995- 
0896- 
0997- 
0993- 


1000-- 
1001  — 
1002— 
1002  — 

1004— : 

1005— 

1006— : 

1007- 
lOOS— 

1009- 

1010 — 
i o 1 1 — 
1012 — 
1013— 

■1014  — 
1015  — 
1016 — 
1017  — 
1018 — 

1019 — 

1020 — 
102 1 — 
1022— 

1023— 

1024 — 

1025- 

1026- 

1027- 

1028- 
_1029- 
“1030- 

1031- 

1032- 

1033- 

1034- 

1035- 

1036- 

1037- 
1033- 
1039- 

■“1040- 

1041- 

1042- 
T043- 

1044- 

1045- 

1046- 

1047- 

1043- 
1049- 


• 0 
■ 0 
■ 6 
■ 8 
-:<to 
- 0 
-::fp. 

- 0 

- UP 

- 3 _ 

- X 

- 6 
- 8 
- + 
-YT0 

- a 
-XFR 
-I  HD 

- a 

- K 

- 4 

- UP 

- 2 
-RUP 
- + 
-YTO 

- a 
-XFR 

- 4 


1050— 
1051  — 

loss- 

less— 

loss- 

less— 

1056— 
1057  — 

1058- - 

1059- - 
* 1 060-- 

1061- 

1062- 

1063- 

1064- 

1 065- 

1066- 

1067- 

1068- 

1069- 

“1070- 

1071- 

1672- 

1073- 

1074- 

1075- 

1076- 
1.077- 

1078- 

1079- 
“1030- 

1081- 

1082- 

1033- 

1034- 

1035- 
1086- 

1087- 

1088- 
1039- 

'"1090- 

1091- 

1092- 

1093- 

1 094- 

1095- 
1 096- 
1097- 
1088 
1099 


-PUT  1 100— 
-CUT  1101 — R 

-i*-HT  1102— C 

-CUT  1103— 
-CUT  1104  — 
-CUT  1105— P. 
-CUT  1106— P 
-CUT  1107— 
-CHT  1108— X 
-CUT  _.1109— 
-CHT  UlO— 
-XHT  1 1 11  — 
-CHT  1112 — 
-CHT  111  3 Y 
-CHT  H14 — 
-CHT  1 1 15 — 
-CHT  1116— 
-CHT  1 1 17 — 

-CUT  1118— ( 

-CUT  1119— 

- UP — 1120 — 
-XFR  1 121  — 

— 5 1122— 

- \ 1123— 

-XSQ  1124—: 

- UP  1125— 
-XFR  H26— 

- 4 1127—: 


STEP  KEY 


— H 


1129- 
"1  ISO- 
1131  - 

1 1 32- 

1133- 

1134- 

1135- 

1136- 

1137- 

1138- 

1139- 
"1140- 

1141- 

1142- 

1143- 

1144- 

1145- 

1146- 

1147- 
1143- 
1149- 


- 9 

- DM 
-XEY 

- UP 

- DH 

- H 
-XEY 

- X 
-YTO 

- 4 

- 9 
-YTO 

- + 

- 6 


1154— 

1155— 

1156— : 

1 157 — 
1153 — 

1 159 — 

‘1160—1 
1161  — 

1162—: 

1 163 — 

1 164 — 

1165 — 

1166— 
1 167  — 
1 1 68 — 
1 169 — 

"1170 — 
1171  — 

1172 — 

1173 — 
1174  — 

1175 — 

1176— 
1177  — 
1173— 
1179— 

"1 180— 
1181  — 
1 1 S 2 - - 

1133- 

1134- 
1185- 
1 1 Se- 
ll 87- 
1138- 
1189- 

' "1 190- 

1191- 

1192- 

1193- 

1194- 

1195- 

1 196- 

1 197- 

1198- 

1199- 


iWKMniMvwi1* 


3.6.7  SAMPLE  INPUT /OUTPUT  PRINT 


The  following  copy  of  the  HP  Printed  Tape  shows  a typical  problem  and  solu- 
tion. For  a discussion  of  the  particulars  of  this  problem,  see  Section  4. 


PROGRAM  it 70 . 096 


EHSIOIlfiL 

13018.304 

CARLE 

490.229 

14000.000 

-Balloon  Alt. .ft.MSL 

981.696 

4000. 000 

-Surface  Alt., ft.MSL 

98.366 

3.  142 

-7Tfor  Internal  Cd 

190.341 

0.28O 

-Diam.of  Cable, in. 

1 00  0...0  0 0 
25.OO0 

25.O00 

-Cable  WT.  per  1000  ft., lbs 

500.000 

-Lengtl.  K.  Element, ft. 

25.0GO 

1 378. 000 

-Total  Balloon  Force, lbs' 

4452.354 

79.40O 

-Angle  of  Force, deg. 

0.930 

1.369 

MB  FIELD 

1 5 . 652 

1 . 000 
34000 . 000 

-First  Wind  Point 

15.346 

-Alt. (Balloon) ,ft.MSL 

3.079 

25. 000 

-Wind, knots 

77.888 

1353.694 

2.000 

13000. 000 

12529.435 

25 . 0OO 

488 . 869 

3.000 
10300.000 

GO. 0S9 

4.000 
8000.000 

"15. 000 


104 

295 

1500 

37 

30 

5485 

1 

2 


.918 
.257 
. O0O 
. 500 
. 490 
. 769 
.043 
. 058 


5. 000 
5000 . 000 

-30. 000 

6.000 
4800 . 080 

-20.000 

13508.532 
4*1 . 468 
491 . 468 

31 . 976 

91.976 
500 . 000 

12.500 
25.000 
4^05.541 
0.  980 
1 . 354 
15. 480 
15.216 
2.843 
78.654 
l 365 . 829 


-Last  Wind  Point 
-Alt. (Surface) , ft.MSL 
-Wind,  knots 

-Alt. ,Bottom-of  Element 
-Vert.DistTtop  to  bottom 
-Tot. Vert  Dist.to  Balloon 
-Horiz.Distrtop  to  bottom 
-Tot.Horiz.Dist. to  Balloon 
-Cable  Length 
-Cable  Weight 
-Wind  at  element  bottom 
-Reynolds  Number 
-Drag  Coefficient 
-Dynamic  Presssure 
-Element  Drag 
-Horiz.Drag  Component 
-Vert.  Drag  Component 
-Angle  of  Next  Element  Down 
-Tension, Top  of  Next  Element 


25.035 

24.477 

5.253 

76.706 

1341.758 

12042.832 
486 . 602 
1957. 168 
114.970 
418.227 
2000.000 
50.000 
36. 167 
6560.  757. 
1 . 100 
2.914 
37.386 
36. 335 
8.597 
74.972 
1 338 . 202 


42.32? 

9328.543 
28. 818 

5085. 815 

11200.000 

280.000 
-21.715 
4173.635 
0.930 
1.015 
-1. 160 
-0.932 
-0.613 
57.862 
1146.479 

4129.  113 
42.333 
9370.382 
26.593 
5092.213 

1 1250. 000 
231.250 
-21.291 

4097.544 
0.9S0 
0.977 

-1.  117 
-0.946 
-0.594 
57.384 
1145.420 


4044.411 
42.353 
9955.589 
26 . 566 
5145.361 

1 1 350 . 000 
233.750 
-20.444 

3944.320 

0.980 

0.904 

-1.034 

-0.376 

-0.549 

57.924 

1143.303 

4002.044 

42.367 

9997.956 

26.553 

5171.913 

11400.000 

285.000 
-20.020 

3367.254 

0.930 

0.383 

-0.993 

-0.S41 

-0.527 

57.940 

1142.244 


4086.769 

cable  appro:;. 

42.349 

OH  SURFACE 

9913. 231 

4002.044 

-Altitude  ('■'-Surface) 

26.531 

57.-940 

-C.  Angle  at  Winch 

51 18. 795 

1142.244 

-C.  Tension  at  Winch 

11300.000 

282 . 500 

9997.956 

-Vert.Dist. , Bain. -Winch 

-20. 368 

5171.913 

-Horiz.Dist. , Bain. -Winch 

4021 . 086 

1 1400.000 

-Tot. Cable  Length 

0.  930 

285.000 

-Tot. Cable  Weight 

0.  9‘tO 

-1.075 

101.441 

-Tot. Vert. Drag  Comp. 

-o.  ;-n 

336.441 

-Sum-C . Kt . + Ver  t. . Drag 

-0.572 

352 . 825 

-Tot.Horiz.Drag  Comp. 

57.905 

1144.362 

READY  NEXT  PROB. 
J.6.W.  76.006 
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3.6.8  NOTES 

A.  If  incorrect  data  is  inputted,  do  not  press  STOP  END  to  restart  pro- 
gram. For  correct  restart  to  clear  all  registers  press  following: 

STOP 
GO  TO 


CONT 

B.  Ditto  No.  1 above  if  computations  underway  and  decide  that  something  is 
in  error  or  bad  problem. 

C.  Proof  of  correctness  of  solution  can  be  made  by  summation  of  the  vert, 
and  horizontal  forces.  9 x and  T,  are  conditions  at  the  winch  in  last  group  of  pro 
gram  output  as  are  rDH,  rWK>  VD^. 


BALLOON  J 


Horizontal:  Tj  cos  9 ^ = TDjj  + F^,  cos  9 

Vertical:  T,  sin  9 . + 7 + r Dw  = F,p  sin  9 
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4.  EXAMPLE  OF  A CONVENTIONAL  TETHERED 
BALLOON  PROBLEM 


A.  Given: 

1.  A requirement  to  fly  a 100-lb  payload  at  18, 000  ft  MSL 

(but  will  accept  13, 000  ft  MSL  if  necessary)  in  New  Mexico 
location  where  the  surface  is  4000  ft  MSL.  The  most  severe 
wind  profile  for  the  season  and  time  of  day  needed  for  the 
particular  type  of  experiment  is  as  follows: 

Altitude,  ft  Wind,  knots 
18,000  25 

13,  000  25 

10,  000  60 


Two  balloons  are  in  the  inventory  which  might  be  capable  of 
acting  as  the  carrier. 


Lee  Bridge  Kite  Balloon 


B.  Family- 2 Balloon 


45,000  CF 
13,522  CF 
970  lb 

150  lb(atConf.  Pt. ) 
150  lb  (at  Conf.  Pt. ) 


Balloon  Volume,  Vfi:  30, 000  CF  45, 000  CF 

Ballonet  Volume,  v:  8000  CF  13,522  CF 

Balloon  Weight,  Wfi:  725  lb  970  lb 

Instrumentation  weight,  Wji  100  lb  (at  Conf.  Pt. ) 150  lb  (at  Conf.  Pt 

Payload  Weight,  Wp:  100  lb  (at  Conf.  Pt. ) 150  lb  (at  Conf.  Pt 

3,  A single  tether  cable  is  desired. 

Question:  What  is  the  smallest  balloon  capable  of  doing  the  job? 

Approach:  Run  Program  76.  001  to 

(a)  Select  smallest  balloon 

(b)  Check  max.  altitude  capability  of  ballonet 

Answer:  See  3.  1.7:  30, 000  CF  balloon  capable  of  13,  906  ft  MSL 

45,  000  CF  balloon  capable  of  15,324  ft  MSL 
However,  the  45,  000  CF  produces  347  lb  lift 
(tension)  at  the  ground  when  the  balloon  is  at  15,  324 
ft  MSL  while  the  smaller  balloon  produces  an 
unacceptably  small  120  lb  at  its  max  altitude. 
Therefore,  select  the  Family-2  45,000  CF  unit. 

Make  the  max  altitude  14,  000  ft  MSL  for  this 
project.  Minimum  lift  at  the  ground  (cable  tension) 
is  464  lb  under  this  no-wind  condition.  A Kevlar 
cable  having  the  following  properties  was  selected  in 
the  above  computations. 
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Diameter:  0. 28  in. 

ml  1000  ft:  25  1b 

Question:  Is  this  preliminary  selection  of  balloon  and  cable  satisfactory 

for  the  loads  imposed  by  the  maximum  wind  field  ? 

Approach:  Run  Program  76. 004  for  most  precise  balloon  total  force  and 
and  angle  at  14, 000  ft  (optional). 

Run  Program  76.  005  for  balloon  total  force  and  angle  at 

14, 000  ft  and  at  1000-ft  increments  downward  to  and  including 

surface. 

Run  Program  76.  006  with  14,000  ft  altitude  output  values 
from  76,005  and  at  other  altitudes  as  judged  necessary 
to  obtain  cable  parameters  - tension,  position,  etc. 

Answers:  See  Sections  3.4.7,  3.5.7,  and  3.  6. 7. 


At  14,  000  ft: 

76.  004 

76.005 

Total  Force: 

1385  lb 

1378  lb 

Angle  to  Horizon: 

79.4° 

79.4° 

Trim  Angle  of  Attack: 

7.57° 

7.49° 

The  slight  disagreement  is  due  to  differences  in  the  precision  of  locating  the  center 
of  pressure  and  the  impracticality  of  obtaining  an  exact  trim  amount  of  0.  0 The 
output  of  76.  005  is  of  acceptable  precision.  Its  output  at  decreasing  altitudes  can 
be  scanned,  noting  that  when  the  balloon  is  at  10,000  ft  the  total  force  reaches  a 
maximum  level  of  3500  lb  at  an  angle  of  66.  9°.  While  the  trim  angle  is  a low  4.  5° 
due  to  the  60  knot  wind,  the  aerodynamic  lift  is  3262  lb  producing  a total  lift  of 
4445  lb.  This  loading  equals  the  working  strength  of  the  cable  thereby  suggesting 
that  the  balloon  should  be  raised  or  lowered  with  caution  during  these  wind  condi- 
tions. Note  that  the  ballonet  is  0.  9 full  when  the  balloon  is  at  the  surface. 

The  output  values  of  76.  005  at  14, 000  ft  were  then  used  as  inputs  to  76.  006  to 
determine  cable  conditions  and  location  from  14, 000  ft,  down  to  the  surface.  The 
final  group  of  figures  in  the  76.  006  output  indicate  the  following 
Cable  Angle:  57.  9°  above  horizon 

Winch  Tension:  1142  1b 

’Toriz.  Displacement:  5172  ft  (Balloon-Winch) 

Cable  Length:  11,400  ft 

Cable  Wt.  285  lb 

Intermediate  groups  of  figures  below  the  14, 000  ft  altitude  can  be  used  to  plot 
various  cable  parameters  including  its  space  position  along  its  entire  length  from 
the  balloon  to  the  ground. 

if 

This  decrease  of  trim  angle  with  wind  speed  to  decrease  aerodynamic  lift  can  be 
shown  by  running  a series  of  increasing  wind  values  in  76.  004  or  76.  005. 
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The  overall  conclusion  would  be  that  the  45, 000  CF  balloon  with  a 7000  break 
strength  cable  weighing  25  lb  per  1000  ft  is  an  acceptable  system  for  the  conditions 
specified.  To  determine  whether  it  can  be  raised  to  or  lowered  from  its  maximum 
altitude  output  values  for  altitudes  below  14, 000  ft  from  Program  76.  005  should  be 
run  in  Program  76.  006 


5.  PRELIMINARY  PARAMETRIC  STUDIES  OF  THE  HIGH 
ALTITUDE  TETHERED  BALLOON  PROBLEM 

The  concept  for  a tethered-balloon  flight  to  20  km  MSL  first  evolved  from  a 
study  of  minimum  wind  expectancy  over  possible  tethered  balloon  sites.  Tropical 
latitudes  appeared  to  be  ideal  since  they  have  the  greatest  number  of  months  per 
year  where  the  magnitude  of  the  winds  from  the  surface  to  20  km  could  be  considered 
acceptable  for  raising  or  lowering  the  balloon.  Too  large  a wind  velocity  (dynamic 
pressure)  causes  excessive  drag  on  the  balloon  and  cable  tending  to  cause  blowdown 
of  the  system.  Because  of  the  desire  to  operate  the  first  feasibility  tests  at  the 
AFGL  balloon  test  site  at  Holloman  AFB,  New  Mexico,  the  study  concentrated  on 
the  winds  in  this  area.  The  July-August  period  has  an  acceptable  minimum  wind 
profile.  The  solid  line  in  Figure  1 is  a composite  July-August  75  percent  wind 
profile  for  Holloman  AFB  (White  Sands  Missile  Range)  and  was  selected  as  the 
standard  for  flight  equipment  and  system  design. 

Based  on  a flight  altitude  of  65,616  ft  MSL  (20  km),  a surface  altitude  of  4400 
ft  MSL,  a payload  of  200  lb  and  a cable  weight  of  approximately  1700  lb,  several 
natural  shape  balloons  of  varying  sizes  were  considered  as  the  first  steps  in  system 
design.  The  balloon  contractor  then  recommended  a 500, 000-CF  and  a 800, 000-CF 
balloon. 

The  500, 000-CF  balloon  at  altitude  was  found,  by  use  of  Program  76.  006  to  be 
too  small.  The  program  indicated  that  in  the  design  wind  field,  the  cable  would 
become  horizontal  at  approximately  17, 000  ft  MSL. 

The  larger  800, 000-CF  balloon  was  found  to  have  acceptable  lifting  charac- 
teristics. Using  the  contractor's  estimate  of  total  force,  FT  = 3073  lb  and  angle 
of  the  force  9 = 81, 6°,  a series  of  Program  76.  006  runs  were  made  with  variations 
of  key  parameters.  Results  are  shown  in  Table  3. 

The  three  lines  shown  in  Group  1,  Table  3,  illustrate  the  effect  of  cable  drag 
coefficient  variations.  It  can  be  noted  that  the  built-in  variable  cylinder  drag 
coefficient  yields  the  same  results  in  this  particular  problem  as  the  constant  drag 
coefficient  value  of  1, 0 at  all  altitudes  and  wind  conditions.  Thereafter  all  compu- 
tations use  the  internal  C^  techniques. 
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WIND(KNOTS) 


Figure  1.  Wind  Profiles  - High  Altitude  Tethered 
Balloon 


The  effect  of  cable  diameter  and  weights  in  Groups  I,  II,  and  III  were  investi- 
gated over  a small  range  covering  the  possible  characteristics  of  a finalized  cable 
design.  Note  that  the  length  of  the  cable  required  varies  between  approximately 
65, 000  and  68,  000  ft  for  the  61, 216-ft  balloon  height  above  the  surface.  The  cable 
tension  and  angle  at  the  winch  remain  at  acceptable  levels  although  the  heaviest 
weight  of  cable  investigated  reduces  the  angle  below  40°.  The  horizontal  distance 
between  the  balloon  and  winch  varies  between  19,  000  and  26, 000  ft.  This  indicates 
a balloon  elevation  ("look")  angle  of  between  67°  and  73°  from  the  winch. 


140 


Data  in  Group  IV  show  the  effects  of  variations  in  wind  profiles  below  the  balloon 
per  Figure  1.  In  general,  higher  winds  have  adverse  effects;  increases  in  cable 
length  and  horizontal  displacement  and  a decrease  in  cable  angle  at  the  winch.  In- 
creases in  winds  at  lower  altitudes  are  more  pronounced  in  their  effect  due  to  the 
higher  atmospheric  density  effect  on  cable  drag.  In  one  case  the  cable  is  not  able 
to  reach  the  ground  due  to  the  excessive  cable  drag  for  a 45  to  50  knot  surface  wind. 

It  can  be  also  shown  that  a given  cable  density  produces  a constant  cable  ten- 
sion at  the  winch  regardless  of  cable  length  and/or  wind  magnitude.  The  chief 
effect  of  increased  total  cable  weight  is  to  decrease  the  angle  of  the  cable  at  the 
winch.  Reference  to  Section  3.  6.  8,  indicates  the  balance  of  forces  to  show  the 
interaction  of  horizontal  and  vertical  drag  with  the  balloon  forces  and  winch  tension. 

Group  V are  two  other  possible  sets  of  values  for  balloon  total  force  and  angle 
which  appear  to  cover  the  range  of  uncertainty  in  these  parameters.  Further  work 
is  needed  in  establishing  the  full-scale  (large  Reynolds  numbers)  aerodynamic 
characteristics  of  natural-shaped  balloons  so  that  their  characteristics  can  be  used 
as  inputs  into  Program  76.  003.  In  this  case  of  the  high-altitude  tethered  balloon, 
the  problem  is  made  further  complex  by  the  technique  required  to  raise  the  balloon 
from  the  ground.  Unlike  the  usual  tethered  balloon,  the  design  selected  does  not 
contain  a ballonet.  Such  a design  requires  the  balloon  to  be  reefed  during  its  ascent 
to  prevent  loose  uninflated  sections  from  acting  as  a sail. 

On  the  ground  the  top  of  the  balloon  is  nearly  filled  with  an  amount  of  gas  suffi- 
cient to  expand  to  the  full  800,  000  CF  volume  of  the  balloon  at  65,  600  ft  MSL.  The 
excess  material  below  this  initial  small  bubble  is  gathered,  during  fabrication,  into 
a small  diameter  bundle  and  secured  by  a number  of  bands  along  its  length  that  are 
called  reefing  points.  The  reefing  points  are  secured  by  squib/cutters  that  can  be 
fired  by  radio  command  or  by  pressure  sensors.  As  the  balloon  ascends,  the  initial 
bubble  expands  until  a predetermined  level  of  "tightness"  or  bottom  cone  angle  is 
reached.  The  top  reefing  point  is  then  released  allowing  part  of  the  excess  material 
to  be  free  for  additional  gas  expansion  during  further  ascent.  This  procedure  con- 
tinues, one  reefing  point  at  a time,  until  the  balloon  material  is  completely  free 
some  distance  below  the  maximum  altitude. 

Thus  the  aerodynamic  shape  and  volume  of  the  balloon  is  constantly  changing  in 
a combination  of  gradual  as  well  as  stepped  phenomena.  Because  of  the  difficulty  in 
assigning  aerodynamic  coefficients  to  such  a varying  body,  at  this  time  no  attempt 
has  been  made  to  run  the  system  at  lower  than  the  maximum  altitude.  The  first 
attempt  will  probably  involve  assumptions  of  a smaller  natural  shape  balloon  with  a 
small  diameter  cylinder  attached  and  the  system  scaled  for  the  altitude  of  maximum 
I dynamic  pressure  in  the  design  wind  profile,  (approximately  40, 000  ft  MSL). 
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Appendix  A 

Density  Ratio 


The  ratio  of  atmospheric  density  at  altitude  to  that  at  sea  level  is  a parameter 
common  to  many  kinds  of  balloon  calculations.  The  usual  method  in  calculations  is 
to  refer  to  some  type  of  table  which  gives  the  ratio  at  discrete  altitude  levels.  The 
usual  reference  atmosphere  is  the  U.  S.  Standard  Atmosphere,  1962,  but  the  1966 
Supplements  may  be  used  if  more  applicable  for  specific  locations  or  seasons. 

The  use  of  a table-lookup  technique  in  conjunction  with  computer  problem  solv- 
ing would  be  nearly  unworkable.  A simple  relationship  between  altitude  and  density 
ratio  is  therefore  needed.  The  altitude  density  ratio  variation  is  nearly  logrithimic. 

Use  of  an  equation  in  the  quadratic  form  was  found  to  ^ive  a correlation  of 
0.  999. 

^np/po=  ao  + alZ  + a2z2  (A1) 


Using  a curve  fit  program,  the  constants  were  found  to  be: 
Z = 0 to  75,  000  ft  Z = 0 to  25,  000  ft 


AZ  = 5,000  ft 
aQ  = + 5.  06595 
at  = - 2.83164 


- T - 
-5 
-10 


AZ  = 1000 


a = - 3.  94580 
0 

a j = - 2.  90568 


a2  = - 1. 19042 
r2  = .999999 


^r 

-5 

-10 


a2  = - 1.76842 
r2  = .99964 

It  might  be  noted  that  when  the  altitude  is  zero,  the  density  ratio  is  not  unity. 
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By  use  of  a different  forms 


V^s‘o2tiiz2 


(A2) 


or 


V/po 


a 4*  a1  Z 
o 1 


and  the  use  of  a curve  fit  frohi  Z s 0 to  00O  ft,  the  constants  Were  found  to  be 

»„  = -a.fliaer3 

O 

= -1.777210 
r2  = .984 

The  density  ratio  is  1.  0 at  Sfea-level.  The  lower  degree  of  correlation  was  con- 
sidered to  be  acceptable  for  the  type  of  solutions  Used  in  the  balloon  programs. 
Therefore  Eq.  (A2)  is  used  in  all  of  the  programs  to  obtain  atmospheric  density  as 
defined  by  the  U.S.  Standard  AtrrtdSphere,  1962,  However,  Eq.  (Al)  can  be  sub- 
substituted when  a greater  degree  of  correlation  is  required. 
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Appendix  B 


Symbols  and  Definitions 


A - Cable  Frontal  Area,  76.  006 
Aq  - in  XCB  Equation,  76.005 

aQ  - Constant  in  Density  Ratio  Equation  (also  fc  X^g,  76.004) 
aj  - Constant  in  Density  Ratio  Equation  (also  for  X^g,  7 6.004) 
a2  - Constant  in  XCB  Equation,  76.004 
a - Lift  Curve  Slope 
b - Minimum  Drag  Coefficient  C^q 
c - dCD/d«2 

c"  - Length  of  Balloon  Envelope 
d - Cable  Diameter 

fo  fl»  f2 

- Constants  in  X^g  Equation  76.  005 


go*  gr  g2'  g3 

- Constants  in  X^g  Equation,  76.  005 
H - Height,  Surface  to  Point  Indicated 
Hp  - Height  of  Tritether  Apex 

h - Horizontal  Projected  Length  of  One  Cable  Element 

j - Vertical  Projected  Length  of  One  Cable  Element 

K - Length  of  One  Cable  Element,  76,006 

K -qVg2/3 

& - Length  of  Cable 

H - Length  of  Extension  Cable 
rp 

:n  - Length,  Xnn  - X 

'-'VJ  pp 

n - Length,  Yrr  - 

r - Length  X - X^r  (X  = Xcp  in  76. 004  and  5; 

XARC  in  76,003) 
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s - Length,  X - XCP  (Y  = Ycp  in  76. 004  and  5;  = XARC 
in  76. 003) 

t - Length,  XCB  - XCP 
u - Length,  YCB  - YCB 

X-AXIS  - Centerline  of  Aero.  Shaped  Balloon,  X = 0 at  Nose 
Y-AXIS  - Normal  to  X-AXIS  at  X = 0,  Y = 0 at  Nose, 

Y Positive  above  Centerline 
X^P  - X Station  of  Confluence  Point 
Y^P  - Y Station  of  Confluence  Point 
Xcp  - X Station  of  Center  of  Pressure 
Y^p  - Y Station  of  Center  of  Pressure 
XCB  " X Station  of  Center  of  Buoyancy 
Y^b  - Y Station  of  Center  of  Buoyancy 
XARC  ■ X Station  of  Aerodynamic  Reference  Center 
YaRc  " Y Station  of  Aerodynamic  Reference  Center 

x - Distance  Between  Twin-Tether  Ground  Anchor  Points 
Lq  - Gross  Lift;  Gas  Volume  x Specific  Lift  of  Helium 
Lr  - Y Component  of  Gross  Lift 
La  - X Component  of  Gross  Lift 
La  - Aerodynamic  Lift 
D - Aerodynamic  Drag 
T - Total  Aerodynamic  Force 
N - Y Component  of  Total  Aero  Force 


- X Component  of  Total  Aero  Force 

- Aero  Pitching  Moment  about  Aero  Refr.  Center,  76.003 

- Pitching  Moment  Coefficient,  M /q  V-r,2^2  <T,  76.003 

O/Q  ° o 

- Lift  Coefficient,  LA/q  V^'5 

- Drag  Coefficient,  D/a  V 

- Weight  of  Palloon 

- Weight  of  Instruments 

- Weight  of  Payload 

- Weight  of  Extra  Items 

- Weight  of  Cable 

- Total  Lift,  Lq  + La 

- Net  Lift,  L - (W„  + WT  + WD  + W J 

_ B A ® o 

- Dynamic  Pressure,  1/2 p V*2  = 1/2 p Wind 

- Volume  of  Balloon 

- Volume  of  Ballonet 

- Total  Balloon  Force  at  Confluence  Point 


W - Wind  (Also  V) 

W - Wind  Velocity  Normal  to  Cable 
- Wind  Velocity  Normal  to  Cable 
R - Reynolds  Number 
T - Cable  Tension 
Z - Altitude,  ft,  MSL 


Greek  Symbols 


a - Balloon  Angle  of  Attack 
a - Multi-tether  Cable  Angle  at  Ground,  76.001 
0 - Multi -tether  Plane  Angle  at  Ground,  76.001 
y - Ballonet  Fullness  Factor 
A - Increment 
'D  - Sum 

e - Angle  of  Ft  or  Cable  Above  Horizon 
p - Atmospheric  Density 
fi  - Coefficient  of  Viscosity  of  Air 
v - To  Call  Special  Operation 


■■■ 


o 

B or  b 
d 

S or  s 


Sea  Level 
Balloon 
Design 
Surface 


Subscripts 
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